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FLUORBESTIMMUNG IN FLUORIDIERTEM 
SPEISESALZ 


K. E. QUENTIN 


Balneologisches Institut der Universitat Miinchen, 


Leopoldstrasse 175, Miinchen 23, Deutschland 


Zusammenfassung — Eine Fluoridierung von Speisesalz wird in Europa mit Natrium- 
fluorid (NaF) und Dinatriummonofiuorophosphat (Na,PO,F) durchgefihrt. Einige 
Zeit war auch ein Speisesalz mit Calciumfluorid (CaF,) im Handel. Analog der Trink- 
wasserfluoridierung ist eine analytisch-chemische Uberwachung dei Speisesalze erfor- 
derlich, da 100 mg Fluorid in | kg Salz enthalten sein sollen, entsprechend | mg 
Fluorid in 10 g Speisesalz (Tagesdosis). Genaue Untersuchungen sollten die Frage 
klaren, wie eine chemische Kontrolle der verschieden fluoridierten Speisesalze méglich 
ist. Dabei ergab sich, dass in Natriumfluorid-Speisesalzen in einer | prozentigen L6- 
sung ohne Destillation colorimetrisch der Fluo:gehalt ermittelt werden kann. Dage- 
gen erfordert die Fluorbestimmung des Na,PO,F-Salzes besondere Massnahmen 
(z.B. Destillation), um aus dem PO,F~~-lon das Fluor abzuspalten. Ausserdem liegt 
die Fluorchemikalie in unterschiedlicher Reinheit vor (90-97°,). Besonders schwierig 
ist die Ermittlung des Fluorgehaltes im Calciumfluorid-Salz. Wegen der schlechten 
Léslichkeit muss namlich das Salz selbst zur Fluorbestimmung eingewogen und dann 
einer Sduredestillation unterworfen werden. Einzelhciten tiber die aufgefundenen 


Fluormengen und die analytischen Kontrollverfahren werden berichtet. 


Abstract In Europe table salt is fluoridated by means of NaF, sodium fluoride 
and Na.PO,F, di-sodium mono-fluorinephosphate. For some time there also was 
a calcium fluoride, CaF, table salt on the market. Table salts should be supervised 
by chemical-analytical methods as is done with regard to the fluoridation of drinking 
water because | kg salt is supposed to contain 100 mg fluorine, the equivalent to | mg 
fluorine in 10 g of table salt, i.e. daily ration. Careful tests were carried out to solve 
the question as to how chemical control of various kinds of fluoridated table salts 
would be possible. It has now been found that the fluorine content can be colorime- 
trically detected in sodium fluoride table salts in 1% solution without distillation. 
On the other hand fluorine determination in Na,PO,F salt demands special treatment 
such as distillation in order to separate fluorine from the PO,F ion. Furthermore the 
chemical containing fluorine appears in various degrees of purity (90-97°%). It is 
particularly difficult to determine the fluorine content in calcium fluoride. This type 
of salt is far from easily soluble which entails that the salt itself has to be weighed 
for the determination of fluorine after which acid distillation has to be carried out. 
Details about the amounts of fluorine found and about the analytical control proce- 


dure will be reported. 
ZuR VERSORGUNG der Bevélkerung mit ausreichenden Fluormengen wird fiir karies- 
prophylaktische Massnahmen neben Trinkwasser, Milch und Tabletten auch das 


Tafelsalz als Fluormedium empfohlen und benutzt. Die Angaben iiber den taglichen 


(1) 
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Kochsalz-Verbrauch in den Speisen und am Tisch sind allerdings nicht einheitlich. 
Wahrend Wespi (1954, 1956) mit ca. 8-10 g im Haushalt pro Tag und Kopf rechnet, 
belduft sich die Menge nach Erhebungen von SANTEsson (1959) auf ca. 5-6 g. Eine 
fiir alle Lander Europas giiltige Mengenangabe wird sich kaum festlegen lassen, 
da der Verbrauch von bestimmten, den Salzkonsum beeinflussenden Faktoren und 
von den Lebensgewohnheiten der Landesbewohner abhingt. Nach den Erhebungen 
von ZieGLeR (1957) sowie von VELICANGIL und Demiruinpi (1958) sind beim Salz- 
konsum auch die Altersstufen der Bevélkerung in Rechnung zu stellen. Immerhin 
kann als Richtzahl und obere Grenze fiir die im Handel befindlichen Speisesalze 
mit Fluorzusatz bei Erwachsenen ein Verbrauch im Haushalt von ca. 8-10 g ange- 
setzt werden (Wespi). In dieser Menge soll sich demnach auch die optimale Tages- 
dosis an Fluor von ca. | mg befinden, d.h. pro Kilogramm Tafelsalz ca. 80-100 mg 
Fluorid. In der Schweiz enthalt das fluoridierte Salz bekannterweise auch noch 
ca. 8 mg Jodid pro Kilogramm. Der Fluorgehalt des reinen Speisesalzes betragt 


nach FeLLeNBERG (1949) nur ca. 0,03-0,06 mg-°,, und kann bei der Fluoridierung 


weitgehend unberiicksichtigt bleiben 


Infolge der nicht sehr grossen Spanne zwischen optimalen und schadlichen 


Fluormengen ist die laufende Uberpriifung der Fluorgehalte in allen Lebensmitteln 


mit Fluorzusatz eine unbedingte Notwendigkeit. Durch die Ausarbeitung und Em- 
pfehlung von Methoden zur Fluorbestimmung im Trinkwasser hat die ORCA diesen 
Gegebenheiten bereits Rechnung getragen. Wie kann nun die Fluoruntersuchung 
im fluoridierten Speisesalz vorgenommen werden und bestehen Unterschiede zur 
Wasseruntersuchung? In den verschiedenen Wassertypen hat es der Analytiker mit 
einer betrachtlichen Anzahl! von Einzelkomponenten zu tun, die insgesamt den Mine- 
ralstoffgehalt eines Wassers ausmachen. Stets werden es mindestens 8-10 verschie- 
dene Bestandteile ohne das Fluorid sein. Aus langjéhrigen Untersuchungen ist be- 
kannt, dass verschiedene dieser lonen eine colorimetrische oder titrimetrische Fluor- 
bestimmung stéren. In solchen Fallen muss das Fluorid als HF bzw. H,SiF, durch 
eine Destillation tsoliert werden. Erst dann kann mit dem Destillat, also einer ver- 
haltnismassig reinen Fluoridlésung, die eigentliche Bestimmung erfolgen. Bei einem 
fluoridierten Speisesalz sind neben den Kochsalz-lonen Natrium (Na*) und Chlo- 
rid (Cl) nur noch die Komponenten der zugesetzten Fluorchemikalie enthalten. 
Falls diese Komponenten die gebrauchlichen Fluorbestimmungs-Methoden nicht 
stéren, kann in solchen Salzen die Kontrolle des Fluorgehaltes auf einfache Weise 
und ohne eine aufwendige Destillation vor sich gehen. Es erhebt sich also die Frage, 
mit welchen Fluorzusdtzen in Tafelsalzen zu rechnen ist. Die nachfolgende Tabelle | 
gibt hieriiber Auskunft. 3 Fluoride sind bisher bekannt geworden, die zur Fluori- 
dierung des Tafelsalzes Verwendung fanden bzw. noch finden. Diese Verbindungen 
sind unterschiedlich in ihrem Fluorgehalt und in ihrer Wasserléslichkeit. Wahrend 
von Natrium—und Calciumfluorid ungefahr die gleichen Mengen zugesetzt werden 


miissen, um einen bestimmten Fluorgehalt des Salzes zu erzielen, wird vom Na- 
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triumfluorophosphat mit seinem weitaus geringeren Fluoranteil etwa die 3,5 fache 
Menge gegeniiber Natrium- oder Calciumfluorid benétigt. Am schwerldéslichsten in 
Wasser ist das Calciumfluorid. Dann folgt das Natriumfluorid, und am leichtesten 
léslich ist das Natriumfluorophosphat. Die im Fluorschrifttum verschiedentlich 


TABELLE |. MOGLICHKEITEN DER SALZ-FLUORIDIERUNG 
Fluormenge: 100 mg Fluorid pro Kilogramm Kochsalz 


Fluorzusatze 
; Formel Mol.-Gew 
zum Kochsalz (°%) 100 ml Wasser 


Fluorgehalt Léslichkeit in 


Natriumfluorid Nal 42,00 5,24 4220 mg 
1,6 mg 

Calciumfluorid CaF, 78,08 7 2? 
1,7 mg 


Natriumfluorophosphat Na,PO,I 143,97 3,20 25000 mg . 


zitierte Wasserunléslichkeit von Calciumfluorid ist nicht richtig. Die Léslichkeit 
von 1,6 mg CaF, in 100 ml Wasser entspricht immerhin 0,78 mg Fluorid! Allerdings 
sind es beim Natriumfluorid schon 1,91 g und beim Natriumfluorophosphat 3,3 g 
Fluor. 

Die gute Wasserléslichkeit des mit NaF fluoridierten Salzes und vor allem die 
Tatsache, dass nur die 3 lonen Na*, Cl- und F~ in der Salzlésung enthalten sind, 
gab den Anlass zu dem Versuch, in dieser Lésung das Fluor direkt zu ermitteln. 
Untersuchungen mit und ohne Wasserdampf-Saure-Destillation an Modellmischun- 
gen sowie NaF-Speisesalzen des Handels fiihrten zu den gleichen Ergebnissen und 
zeigten, dass bei Einhaltung einer bestimmten Konzentration der Salzlésung die 
vereinfachte Fluorbestimmung méglich ist. Unter der Annahme eines Fluorzusatzes 
von 100 mg pro kg Salz wurden | prozentige Salzlésungen hergestellt, die dann in 
100 ml etwa 100 ug Fluorid enthielten. 20 ml dieser Lésungen mit etwa 20 pg F 
wurden im Zirkon-Eriochromcyanin-Verfahren (6) colorimetrisch getestet. Die Ein- 
haltung der | prozentigen Lésung bzw. der 20 ml fiir den Farbtest ist deshalb wich- 
tig, weil in dieser Menge nur 120 mg Chlorid vorliegen, die das colorimetrische 
Verfahren noch nicht stéren. Der Fluorgehalt der untersuchten Salze lag recht 
genau bei | mg Fluor pro 10 g Salz. 

Die Untersuchung eines Calciumfluorid-Speisesalzes muss dagegen auf andere 
Weise vorgenommen werden. Die Hauptschwierigkeit liegt in der geringen Wasser- 
léslichkeit dieses Salzes. Auch mit verdiinnten Sduren oder Laugen, gelang es nur 
einen Teil des Salzes in Lésung zu bringen. Untersuchungen der gelésten und der 
ungelésten Salzanteile auf ihren Fluorgehalt bestatigten die Erwartung, dass sich 
dieser auf die Lésung und den Riickstand verteilt. Nach verschiedenen Versuchen 
musste dazu iibergegangen werden, fiir jede einzelne Fluorbestimmung eine bestimmte 
Salzmenge einzuwiegen, in den Destillationskolben zu iiberfiihren und nach der 
Saduredestillation das Fluor colorimetrisch zu bestimmen. Es kann auch nur mit 
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einer kleinen Einwaage von 50-100 mg gearbeitet werden, da anderenfalls der hohe 
Chloridgehalt der Proben die Fluordestillation erheblich stért. Hier handelt es sich 
also um eine recht umstindliche Arbeitsweise zur Kontrolle des Fluorgehaltes. Der 
Sinn eines mit Calciumfluorid versetzten Salzes ist iiberhaupt nicht recht einleuch- 
tend, da bei der kiichenmiassigen Zubereitung der Speisen und der sonstigen Ver- 
wendung dieses Salzes doch mit erheblichen Fluorverlusten durch die Schwerléslich- 
keit des Calciumfluorids gerechnet werden muss. 


TABELLE 2 





Fluorophosphorsaure H,PO0.F Phosphorige Sdaure H, PO, 


Fluorophosphat - lon (POF ) Phosphit - lon (HPO.”) 





2Na + POF , 





Calaum - fluorophosphat Calaum - sulfat 


Cc 


37°C 
oe 0,396 g 


ci 
— 0.209 g 











Beim Natriumfluorophosphat als drittem Fluorzusatz zu Tafelsalzen handelt es 
sich um eine interessante Verbindung, deren Chemismus in der nachfolgenden Ta- 
belle 2 zusammengestellt ist. Muttersubstanz ist die phosphorige Sdure H,PO, mit 
dem Phosphit-lon HPO, ~. Das eine nicht abspaltbare Wasserstoffatom des Phosphits 
kann durch Fluor ersetzt werden, und man gelangt auf diese Weise zum Fluoro- 
phosphat-lon PO,F ~. Entsprechend dieser Herkunft zerfallt Natriumfluorophosphat 
in wassriger Lésung in Na*- und PO,F~~-lonen. Die Empfehlung dieses Fluorzu- 
satzes geht auf pharmakologische Untersuchungen und die gute Léslichkeit seiner 
Calciumverbindung zuriick. Es muss ja damit gerechnet werden, dass in den Speisen 
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u.dgl. das PO,F~ ~-lon ebenso wie das F~-lon des Natriumfluoridsalzes mit Calcium 
zusammentrifft. Die Léslichkeit der Calciumverbindung in Wasser beruht auf der 
Isosterie von Calciumfluorophosphat mit Calciumsulfat, das gleichfalls diese Wasser- 
léslichkeit aufweist. Mit dem Tafelsalz, das diesen Fluorzusatz enthalt, lassen sich 
klare Lésungen herstellen. Trotzdem ist aber eine direkte colorimetrische Fluorbe- 
stimmung wie beim NaF-Salz nicht médglich. Das PO,F~-lon reagiert mit den 
Farbreagenzien ganz anders als das F--lon. Die Farbungen mit Anteilen einer 
l-prozentigen Salzlésung ergaben zunichst viel zu niedrige Werte. Beim Stehen 
nimmt dann die Ausbleichung der Farblésung bzw. der gemessene Fluorgehalt 
laufend zu und erreicht bald Werte, die weit iiber den theoretisch méglichen liegen. 
Es ware denkbar, dass in den Untersuchungslésungen allmahlich eine Hydrolyse 
von PO,F~~ in PO; ~~ und F’ vor sich geht, und nunmehr das Phosphat den Farb- 
lack weiter ausbleicht. Diese Verinderungen verhindern auch die Bestimmung des 
Fluorgehaltes durch Aufstellen einer besonderen Eichkurve fiir Fluorophosphat. 
Die Ermittlung des Fluors auf indirekte Weise iiber den Phosphorgehalt bot keine 
Aussichten, da die Chemikalie in unterschiedlicher Reinheit von 90-97%, Na,PO,F 
in den Handel gebracht wird und dariiber hinaus Beimengungen von NaF sowie 
Na,P,O, enthalten kann. Es muss also der absolute Fluorgehalt der Chemikalie bzw. 
des fluoridierten Salzes ermittelt werden. Zundchst war die Frage zu klaren, ob bei 
der Wasserdampf-Saure-Destillation eine oxydative Spaltung in F~ und PO, 


erfolgt, das Fluorid quantitativ ibergeht und dann in iiblicher Weise colorimetriert 
werden kann. Zur Priifung der Verhaltnisse wurde in der Wurzschmitt-Bombe ein 
alkalischer Peroxyd-Aufschluss der Substanzen vorgenommen, bei dem die “Cra- 
ckung” des PO,F gewahrleistet ist. Sowohl mit diesen Aufschliissen als auch mit 
0,02-prozentigen Lésungen der Chemikalie wurden Destillationen und colorimetri- 


sche Fluorbestimmungen vorgenommen. Es ergaben sich die gleichen Fluorwerte. 
Diese Feststellungen besagen, dass durch eine Wasserdampf-Sdure-Destillation das 
Fluor aus dem Natriumfluorophosphat véllig abgespalten wird und quantitativ in 
das Destillat ibergeht. Anschliessend wurden die gleichen Versuche mit dem fluori- 
dierten Speisesalz durchgefiihrt. Auch hier bewdhrte sich wie beim NaF-Salz die 
Verwendung einer 1-prozentigen Lésung und die Destillation von 20 ml. Der Fluor- 
gehalt der Natriumfluorophosphat-Chemikalie wurde mit 13°, gegeniiber einem 
theoretischen Reinheitswert von 13,20°, ermittelt. Im betreffenden Kochsalz betrug 
der Fluorgehalt 0,85 mg in 10 g Salz*. 

Zusammenfassend ist festzustellen, dass bei der Uberpriifung des Fluorgehaltes 
in fluoridierten Tafelsalzen je nach der zugesetzten Fluorverbindung verschiedene 
Wege begangen werden miissen. In NaF-Salzen kann der Fluorgehalt auf einfache 
Weise in kurzer Zeit colorimetrisch bestimmt werden. Bei CaF,-Speisesalzen ist 


* Fiir das Natriumfluorophosphat und das fluoridierte Tafelsalz danke ich der Ozark-Maho- 
ning-Company in Tulsa/USA sowie Herrn Dr. G. SANTESSON in Stockholm/Schweden. 
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eine abgewogene Salzmenge fiir die Destillation zu verwenden. Zur Fluorbestim- 


mung im Na,PO,F-Salz wird ein Anteil einer Salzlésung destilliert. Alle Fluorbe- 
stimmungen erfolgen elektrocolorimetrisch. Zur Vermeidung von Stérungen muss 
bei der Untersuchung eine gewisse Konzentration der Salzlésungen eingehalten 


werden. 


LITERATUR 


FeccenserG, T. 1949. Mirt. Lebensmitt. Untersuch. Hyg. 40, 146 

Quentin, K. E. und INnpincer, J. 1959. Z. Lebensmitt. Untersuch. 110, 249 
SANTESSEN, G. 1959. Ber. ii.d. 6. ORCA-Kongress in Pavia 

VeLICANGIL, S. und Demiruinor, O. 1958. Rev. Hyg. Med. Soc. 6, 251. 

Wesp1, H. J. 1954. Schweiz. Me Wschr. 84, 885. 

Wesp1, H. J. 1956. Fluor-Vollsalz zur Kropf- und Cariesbekdimpfung, Schwabe, Basel. 
ZieGier, E. 1957. Landbote Nr. 217. 





= 


Arch. Oral Biol., Special Supplement, Vol. 6, pp. 7-11, 1961. Pergamon Press Ltd 


MEASUREMENT OF CARIES PROGRESS 


C. P. WALLIS 


University of Edinburgh, Scotland 


Abstract—The development of the carious process has been observed to occur with 
considerable regularity in large groups, but the irregular appearance of cavities in 
the individual has led to a general impression that caries occurs by chance. An attempt 
has been made to apply the group regularities to the individual subject: it is assumed 
only that caries is acontinuous process. Using this assumption a measure of the aetio- 
logical agency can be derived which is found to be proportional under certain limited 
conditions to the DMF. It appears that this explains the fact that the DMF, although 
based on the past caries experience is also related to current caries incidence. The 
aetiological factors are divided into three groups related to the saliva (a), the tooth (r) 
and the oral morphology (s). The variation of these factors with age is considered. 


Zusammenfassung—Es wurde beobachtet, dali das Entstehen kariéser Prozesse mit 
betrachtlicher RegelmaBigkeit in groBen Gruppen auftritt. Aber das unregelmaBige 
Erscheinen von Kavitaten bei Patienten hat zu dem allgemeinen Eindruck gefiihrt, 
da®B Karies zufallig auftritt. Es wurde der Versuch gemacht, die Gruppenregelmabig- 
keiten auf den Einzelnen anzuwenden, dabei wurde nur angenommen, das Karies 
ein kontinuierlicher ProzeB ist. Unter dieser Annahme ist es méglich, ein Ma fiir 
die dtiologische Ursache abzuleiten, das sich unter bestimmten begrenzten Bedin- 
gungen mit dem DMF-Wert proportional zeigte. Dies erklart anscheinend die Tat- 
sache, da’ der DMF-Wert auch zum heutigen Kariesauftreten in Beziehung zu brin- 
gen ist, obwohl er in friiheren Karieserfahrungen begriindet ist. Die atiologischen 
Faktoren wurden in 3 Gruppen eingeteilt: Speichel (a), Zahn (r) und Morphologie 
des Mundes (s). Die Veranderungen dieser Faktoren mit dem Alter wurden beriick- 


sichtigt. 


INTRODUCTION 
Reports of the incidence of caries are now almost universally presented in terms of 
the DMF index; such a procedure has been encouraged by several interested organ- 
izations, including ORCA. The advantages of the DMF index are simplicity, a dis- 
tribution which utilizes fairly evenly the entire scale, and good differentiation of 
experimental alterations. 
On the other hand there has resulted a lack of interest in the detailed aspects of 


caries apparently deriving from the almost exclusive use of the DMF. In any caries 


survey there results a vast mass of figures which should be capable of yielding valu- 


able information; to condense all this to a series of DMF figures is surely wasteful. 
Some intermediate stage of calculation which will permit both extraction and under- 


standing of the information is clearly desirable. 


(7] 
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The problem may be illustrated in a more specific form by considering some 
figures provided by a survey carried out several years ago (WALSH and SMART, 1948), 
which could not have been expressed in terms of the DMF (Fig. 1). This survey was 
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Age yr’ 
Fic. 1. Percentage of caries on opposing interstitial surfaces of lower first and second 


molars between the ages of 9 and 14 years. Dotted line indicates percentage of teeth 
erupted 


chosen because the children show a high level of conservative treatment; qualita- 
tively similar results have been presented by BACKER DiRKS in an accompanying paper. 
Fig. | shows that the distal surface of the first molar develops little caries until the 
second molar erupts, when it decays rapidly. At the same time the mesial surface of 
the second molar also decays, but not quite so fast. From these facts one may draw 
certain conclusions. 

The interdental space between the first and second molars is, to a first approxi- 
mation symmetrical; it follows therefore that the environment and shape of the 
apposed surfaces are similar. Any difference in the amount of caries in these surfaces 
can then only be attributed to a difference in the structure of the enamel of the two 
teeth. This leads to the conclusion that the enamel of the second molar is more re- 
sistant to caries than the enamel of the first molar, in spite of the longer exposure 
of the latter to the oral fluids. One might speculate that this difference is due to the 
formation of the first molar at a time of greater stress. 

This argument is purely qualitative; nevertheless, precise figures are available 
and it is reasonable to expect that one should be able to devise a quantitative argu- 
ment leading to a quantitative result. In order to achieve this aim it is first necessary 


to describe the progress of caries in mathematical terms. A number of equations of 
this kind are available in the literature, but in each case the interpretation of the 


parameters in functional terms presents difficulties. The DMF index, on the other 
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hand, although purely descriptive and unsatisfactory as a mathematical tool seems 
to bear a remarkably close relationship to a true caries progress function, and the 
present work was predicated on the supposition that there is in fact a variable which 


can be used to describe caries progress. 


THEORETICAL 

There is now little doubt that the appearance of a detectable cavity is merely 
a stage in the development of a carious lesion. In general the development appears 
to proceed steadily, although there may be variations in the speed. It may therefore 
be concluded that the process of formation of a cavity is continuous in the mathe- 
matical sense. 

It is postulated that the rate of increase in the size of a cavity (G) is equal to the 
variable (€) which it is desired to investigate: 


dG 
dt 


£ 
¢- 


Integration between suitable limits gives: 


where ¢ is the age at examination and ¢, the age at eruption of the tooth and the 
dash indicates a mean value over the time interval in question to distinguish the 
function from the mean value over the population represented by a bar over the 
symbol. & is the value of the variable attributed to the individual and is equal to 
zero for the individual having the same amount of caries as the population mean. 
The instantaneous value of & at the time of examination may be obtained from the 


equation 


(3) 


& is the parameter describing the population, which may change with time or with 
the age of the population, but all values for the same population are comparable. 
It represents the resultant intensity of the various aetiological factors combined to 
produce caries. For convenience these factors may be divided into three groups, 
associated with the activity of the environment (a), the morphological shape of the 
environment (s) and the resistance of the tooth (r). Thus 


E, = f(a’,r’,s’) 
and ‘+. & = fia’,r’,s’). 


The exact form of these equations requires rather extensive data for its determina- 
tion, but it may be expected that a first order relation will be satisfactory initially. 
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Although experiments can be devised to use G as a variable, in the normal caries 
survey it is a parameter of the method of examination and may be defined as the 
number of years required to produce a cavity of just detectable size in a mouth with 
unit value of the function (£ —-€,). It is unlikely that G would show a linear relation 


with the loss of calcium from the enamel. 


RESULTS 

To calculate values of & it may be observed that for each value of &' there is a cor- 
responding value of ¢. It follows therefore that the distribution of &° will be the same 
as the distribution of caries in time, and the latter shows an approximately normal 
distribution. The scale of & can be defined as that which gives a normal distribution 
of & and thus values of & can be obtained from a table of probits. 

Equation (2) predicts that & is inversely proportional to #, so that if & is plotted 
on a graph against the reciprocal of the exposure time, a straight line should be 
obtained, provided that the parameters remain constant. 
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Fic. 2. Relation of £ to reciprocal exposure time for occulusal surfaces of first 
permanent and second deciduous molars between ages of 5 and 8 years. 


An example is shown in Fig. 2 for the occlusal surfaces of two teeth at the same 
ages, but different exposure times. At longer exposure times an approximately linear 
relation is obtained. This does not prove that & is constant since the value of G 
probably does not correspond with the slope of the line; the change in &j is constant 
however. 

At shorter exposure times a curvature appears which has been found consistently 
in all figures examined. This curve implies that & shows an initial fall followed by 
a rise at the same time as the figure for teeth with longer exposure in the same children 


shows a steady rise. This must be interpreted as a steady increase in the value of a 
over the period considered (5-8 years), together with a sharp increase in r’ shortly 


after eruption tending to a more constant value after a short time. 
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The relation between &’ and DMF has been investigated in a number of cases, 
of which Fig. 3 is an example. There is in general a rough linear relation in each age 
group, but breaks appear, particularly at DMF 4 and 8, and are more marked if 


particular types of teeth are considered. 





From Grainger and Reid 
(1954) 
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Fic. 3. Relation of &’ to DMF surfaces between ages of 6 and 14 years. 


DISCUSSION 
The most pressing need in preventive dentistry at present is a method of evalu- 
ating prevention in the individual; to be able to answer the question how much caries 
would a child have had if he had not been treated with a particular preparation. 
Such a question cannot be answered by examining the mouth, but will probably 
require a series of special tests. Nevertheless such tests cannot be relied on in the 
individual unless some method of assessing individual susceptibility is available, 
and the relative importance of the various aetiological factors in each individual. 
There is however a shortage of suitable figures on which deductions of this kind 


may be made. Evidence has been presented that there is an increase of enamel resist- 


ance after eruption. To give a specific value to this change it is necessary to have 
two further series of figures. The time of eruption of the carious teeth must be known; 
this will be earlier than the time of eruption of the whole tooth population, but may 
be calculated approximately. Secondly it is necessary to have an estimate of the rate 
of increase in cavity size in order to determine G, although once determined for 


a particular examiner the value should remain constant. 


REFERENCE 
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ACHT JAHRE KARIESSTATISTIK IN EINEM 
ENDEMISCHEN FLUORGEBIET 


W. HOFFMANN-AXTHELM 


Westdeutsche Kieferklinik, Diisseldorf, Moorenstr. 5, Deutschland 


Zusammenfassung—Es wird iiber Beobachtungen berichtet, die in einem Zeitraum 
von 8 Jahren im Fluorgebiet von Berggiesshiibel (Sachsen) an der dortigen Schul- 
jugend gemacht wurden. Es wird festgestellt, dass bei gleichbleibendem Fluorgehalt 
des Trinkwassers eine allmahliche Zunahme der Karies und Abnahme der dental- 
fluorotischen Erscheinungen beobachtet wird. Es werden hierfiir die verbesserten 
Lebensverhiltnisse gegeniiber der Kriegs- und Nachkriegszeit verantwortlich gemacht. 

Weiterhin wird ausdriicklich festgestellt, dass Karies nicht gleich Karies zu 
setzen ist, da der aligemeine Verlauf der kariésen Prozesse in diesem Fluorgebiet ein 
erheblich gutartigerer ist als in den benachbarten Regionen. 


Abstract—The report describes observations made over a period of years in the school 
children of a fluoride area, namely Berggiesshiibel (Saxony), Germany. It has been 
found that at a constant fluorine content of the drinking water caries has gradually 
increased and dental fluorosis has decreased. Better living conditions since the war 
and the first years following it, are held to be responsible for this situation. 

Furthermore it is emphatically stated that one kind of caries is not always the 
same as another because in this fluorine area the general course of the carious pro- 
cess is considerably slower than in neighbouring areas. 


Wie ich auf der Genfer Tagung unserer Gesellschaft im Jahre 1955 ausfiihrlich be- 
richtet habe, konnten bei Untersuchungen in dem sdchsischen Fluorgebiet von Berg- 
gieBhiibel bei einem zwischen | mg und 2,2 mg/l! des Trinkwassers schwankenden 
Fluorgehalt an einem hohen Prozentsatz der untersuchten Kinder sowohl die Er- 
scheinungen der Dentalfluorose, als auch eine wesentliche Reduktion des Kariesbe- 
falls gegeniiber Vergleichskindern in Berlin ebenso wie in fluorfreien bzw. fluorar- 
men Orten der Umgebung, festgestellt werden. Ich hatte Ihnen s.Z., folgende Tabelle, 
die sich auf insgesamt 293 Kinder bezieht, vor Augen gefiihrt (Tabelle 1). 

Der hohe Prozentsatz von zugezogenen Kindern erklarte sich damals durch die 
nach 1945 erfolgten Umsiedlungen, bei denen als Folge des Kriegsgeschehens eine 
groBe Anzahl von Eltern mit ihren Kindern aus den benachbarten béhmischen Ge- 
bieten eingewandert waren. Wir konnten, wie aus der Tabelle zu ersehen ist, fest- 
stellen, dab die eingeborenen Kinder im Vergleich zu den zugezogenen Kindern in 
erheblich héherem Mabe von Dentalfluorose befallen waren, dab aber auf der ande- 
ren Seite die Kariesfreiheit der eingeborenen Kinder nicht unwesentlich tiber der 


der zugezogenen Kinder lag. 


(12) 
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Bei eingeborenen und zugezogenen Kindern zusammengenommen ergab sich 
im Jahre 1952 ein Befall mit Dentalfluorose bei 57,1 Prozent und eine Kariesfreiheit 
bei 50,1 Prozent der Kinder. Letzteres ist ein auBerordentlich gliickliches Verhaltnis, 


Zugezogene Kinder 


TABELLE 
DER KARIESFREIHEIT VON 


Befall mit 
Dentalfluorose 


Kariesfrei 


TABELLE 


Eingeborene Kinder 
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allerdings in diesem Falle erkauft durch eine zum Teil nicht geringe kosmetische 
Schaidigung. Wir haben nun diese Entwicklung, allerdings nicht ganz liickenlos, vom 
Jahre 1952 bis zum Jahre 1960 verfolgt und sind dabei zu recht interessanten Ergeb- 
nissen gekommen, die Sie aus der vorstehenden Tabelle ersehen (Tabelle 2 und 
Kurve). 

Wahrend wir 1952 einen Befall von 57,1 Prozent mit Dentalfluorose wahrnehmen 
konnten, fallt diese Kurve kontinuierlich bis zum Jahre 1960 auf 35,9 Prozent, die 
Kurve der Kariesfreiheit hingegen fallt von 50,1 auf 19 Prozent. Dies alles bei einem 


jahreszeitlich schwankenden, aber innerhalb dieser Schwankungen anniahernd gleich- 


bleibenden Fluorgehalt des Trinkwassers. Ich darf darauf aufmerksam machen, dab 
beide Zahlenreihen stets vom gleichen Untersucher gewonnen wurden, der Befall 
mit Dentalfluorose von mir, die kariesstatistischen Untersuchungen von der Schul- 
zahnarztin Dr. Liermann. Aus diesem ebenso aufschluBreichen wie erschiitternden 
Befund ersehen wir ein unverhdltnismaBig starkes kontinuierliches Zuriickgehen der 
Kariesfreiheit; sie ist allem Anschein nach auf die sich bessernde Ernahrungslage 
zuriickzufiihren, die nach den vereinfachten Lebensbedingungen nach dem Kriege 
wieder den GenuB von Feinbrot, Kuchen und Siibigkeiten in den Vordergrund 
treten laBt. 

Als Vergleich zeige ich thnen eine Tabelle, die im Bezirk Berlin-Tiergarten vom 
Leiter der dortigen Schulzahnklinik Pazurek gewonnen wurde und deren Ergebnis 


durchaus mit den gleichen Argumenten begriindet wird (Tabelle 3). 


TABELLE 3. ROCKGANG DER KARIESPREINEIT VON 1950-1956 IN EINEM BERLINER BEZIRK 


Jahr der Unter- 


suchung 1956 


Geburtsjahrgang ; 1949 


Gesamtzah! 1000 1000 725 7 714 601 
d. untersuchten unters unters unters unters unters unters unters 
Kinder 1950 1951 1952 1953 1953 1955 1956 
; 495 428 176 115 78 51 38 
Kariestrei 49,5 42,8", 24,3% 17,1% 10,9", 6,9% 6,3; 


Aus diesen Zahlen, die im Jahre 1950 einen annadhernd gleichen Ausgangspunkt 
zeigen wie die von BerggieBhiibel, ersehen wir einen ungleich starkeren Abfall von 
49,5 Prozent Kariesfreiheit 1950 auf 6,3 Prozent im Jahre 1956. Allerdings ist in 
den letzten beiden Jahren wieder ein leichtes Ansteigen um 2 Prozent zu verzeichnen 
gewesen, das sich vielleicht auf die bei den jiingeren Jahrgingen wieder ordnungs- 
gem4B durchgefiihrte Rachitisprophylaxe mit Vitamin D-Praparaten zuriickfiihren 
laBt. 
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Uber ein Ansteigen des Kariesbefalls durch die sich bessernden Lebensbedin- 
gungen in der Nachkriegszeit berichtet auch Roos aus der Baseler Schulzahnklinik, 
nur sind hier die Unterschiede nicht so signifikant, wie ja auch die Differenz zwi- 
schen Mangel und UberfluB in der Schweiz nicht so extrem war wie in Deutschland. 
Es stellt sich damit die Frage, wieweit unter den durch die Summe der lokalen 
Verhiltnisse bedingten dtiologischen Faktoren, der im Gegensatz zu BerggieBhiibel 
in Berlin unterhalb einer prophylaktischen Wirksamkeit liegende Fluorgehalt des 
Trinkwassers fiir eine noch ungiinstigere Entwicklung verantwortlich zu machen ist. 
Im ganzen zeigt uns die Kurve, daB ein Fluorgehalt des Trinkwassers, der in der 
Lage ist, die Erscheinungen der Dentalfluorose hervorzurufen, die durch eine sich 
verfeinernde Ernaihrung hervorgerufene Steigerung des Kariesbefalls im Vergleich 
zu fluorarmen Gegenden wohl zu reduzieren, nicht aber aufzuhalten vermag. 
Dieses Ergebnis langjéhriger Untersuchungen miiBte fiir jeden Befiirworter 
einer Fluorprophylaxe deprimierend sein, ja iberhaupt deren Wert in Frage stellen, 
wenn wir den klinischen Befund auBerachtlassen wiirden. Karies ist eben nicht, 
wie in der Statistik, einfach gleich Karies zu setzen. Ganz allgemein konnten wir 
feststellen, daB in den fluorreichen Gegenden die Karies einen ganz anderen, mehr 
oberflachlichen Verlauf nimmt als in den fluorarmen Nachbargebieten. In den 
meisten Fallen ist der kariése Defekt nur am Zahnschmelz zu beobachten, oder 
er bildet bei Dentinbeteiligung eine nicht unterminierende Kavitét. Das Dentin 
ist dann pigmentiert und transparent, zeigt also mehr das Erscheinungsbild einer 
Caries sicca. Die Karies sehen wir weitaus am haufigsten als Fissurenkaries, dagegen 
tritt die sonst bei Jugendlichen so haufige Approximalkaries véllig zuriick. Ich 
will aber ausdriicklich feststellen, daB gelegentlich auch solche Zahne durchaus 
von Karies befallen werden, welche die Erscheinungen der Dentalfluorose auf- 
weisen, und zwar nicht etwa im Bereich des “‘mottled enamel”, sondern an den iibli- 
chen Pridilektionsstellen. In den fluorarmen landlichen Nachbargemeinden da- 


yegen zeigt sich das iibliche traurige Bild: der kariése ProzeB greift schnell in die 
geg g£ £ 


tieferen Dentinschichten iiber, die Kauflachen werden unterminiert, es entwickelt 
sich eine Caries profunda mit allen ihren Komplikationen. Wir kénnen geradezu 
aus dem Zahnbefund nachweisen, ob sich im Trinkwasser ein durch das benach- 
barte Fluorwerk bedingter erhéhter Fluorspiegel findet oder nicht. 

Diese unterschiedlichen klinischen Befunde in fluorreichen und fluorarmen 
Orten der gleichen Landschaft sind zwar zahlenmaBig nicht objektivierbar, sie 
sind aber weit eindrucksvoller als die Statistiken. Das klinische Bild, das ja im 
wesentlichen Richtschnur fiir unser Handeln sein muB, spricht einwandfrei fiir eine 
Kariesprophylaxe mit Fluoriden. 

Nun zum zweiten Punkt, dem Zuriickgehen der Dentalfluorose bei annahernd 
gleichbleibendem Fluorspiegel. Es fallt hierbei noch zusitzlich ins Gewicht, daB 
der Prozentsatz der dauernd Ortsansidssigen laufend angestiegen ist, denn ein der- 
artiger Zustrom von Kindern wie 1945 ist selbstverstandlich nicht wieder eingetreten. 
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Wir haben uns auch hier um eine Erklérung bemiiht: Die Tatsache, daB unter 
sich verbessernden Erndhrungsverhiltnissen und bei einem trotz jahreszeitlicher 
Schwankungen annihernd gleichbleibenden Fluorspiegel des Trinkwassers ein 
Nachlassen des Befalles von Dentalfluorose zu beobachten ist, wiirde die von Massler 
und Schour aufgestellte Theorie tiber die Bezichungen zwischen Dentalfluorose 
und Ernahrung stiitzen. Diese Autoren hatten festgestellt, daB bei annahernd glei- 
chem Fluorgehalt des Trinkwassers die Erscheinungen der Dentalfluorose in Italien 
bei untererndhrten Kindern auftraten, wahrend sie bei guterndhrten Kindern in 
den Vereinigten Staaten in wesentlich geringerer Zahl und erheblich schwacher 
beobachtet wurden. Sie hatten daraus geschlossen, daBh die Untererndhrung einen 
wesentlichen sekunddren Faktor fiir das Auftreten von “‘mottled enamel” bildet. 
Es liegt damit der allerdings nicht bewiesene SchluB nahe, dab auch in dem sich- 
sischen Fluorgebiet von BerggieBhiibel das Zuriickgehen des Auftretens von 
Dentalfluorose auf die sich allmahlich normalisierende Ernahrungslage zuriickzu- 


fiihren ist. 
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ERGEBNISSE DER FLUORTABLETTENZUFUHR BEI 
SALZBURGER SCHULKINDERN IM ALTER VON 
6-10 JAHREN, 4 JAHRE NACH BEGINN DER AKTION 


H. LEONHARDT 


Miinzgasse 2, Salzburg 


Zusammenfassung—Auf Grund ausgedehnter Untersuchungen iiber den EinfluB 
von Zyma-Fluor-Tabletten bei Kindern zwischen dem 6. und 10. Lebensjahr, lassen 
sich nach 4 Jahren folgende Schliisse ziehen: 

1. Die Zufuhr von Fluor in Tablettenform ist auch dann sinnvoll, wenn sie erst 
beim Schulanfanger im 6. Lebensjahr einsetzt. Es kann dann bis zum 10. Lebens- 
jahr eine Kariesreduktion von rund 25 Prozent (in unserem Falle 26,20 Prozeni) 
erzielt werden. 

Bei cinem spateren Beginn—mit 7 Jahren—betragt die Reduktion im 10. Lebens- 
jahr rund 20 Prozent (in unserem Falle 22,40 Prozent) 

Ein Aussetzen der Tablettengabe zwischen dem 8. und 9. Lebensjahr scheint die 
Resultate nicht zu beeinfluBen 

Eine weitere Steigerung der Kariesreduktion auch nach dem 9. Lebensjahr konnte 
auch bei fortgesetzter Fluorzufuhr nicht beobachtet werden. 

. Ob die Wirkung der Zyma-Fluor-Tabletten auf unbestimmte Zeit auch nach 
Absetzen der Fluorzufuhr anhalt, oder ob eine standig fortgefiihrte Zufuhr zur 
Aufrechterhaltung der Reduktion notwendig ist, bedarf noch weiterer Unter- 
suchungen 
Die Knaben sprechen in einem starkeren MaBe als die Madchen auf die Fluor- 
zufuhr an 
Eine gewisse Verzégerung des Zahnwechsels scheint durch die Fluorzufuhr gegeben 
zu sein 
Die Verzégerung ist umso stirker, je friiher mit der Fluorzufuhr begonnen wird. 
Die bleibenden Zahne scheinen bei Fluorzufuhr einen kraftigeren Schmelz zu 
erreichen, was sich in einem etwas verstarkten Breitenwachstum ausdriickt. 


Abstract—Extensive examinations over a period of 4 years concerning the influence 
of Zyma Fluorine Tablets on children aged 6-10 years, justify the following con- 
clusions: 

1. The administration of tablets of fluorine is stil! effective if it does not start before 
a child of 6 years begins his life at school. Until the child reaches the age of ten, 
25 per cent (in our case 26-20 per cent) caries reduction can be achieved. 

In case of a later start—at the age of 7 years—-the reduction will be approximately 
20 per cent (in our case 22-40 per cent) at the age of ten. 

It seems that omission of administration of the tablets between the ages of 8 and 
9 years does not affect results 

In spite of continued administration of fluorine the incidence of caries did not 
decrease after the age of 9 years. 
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Further examinations need to be carried out in order to find whether the effect 
of Zyma Fluorine Tablets will last also after they are no longer taken, or whether 
it is necessary to continue administration in order to maintain the reduction 
Boys react to the fluorine intake more than girls. 

The administration of fluorine seems to cause a certain amount of delay in the 
shedding of the teeth 

The earlier the fluorine intake starts, the more marked will be the delay. 

It appears that the permanent teeth will attain enamel as an effect of fluorine 
administration which is visible in a somewhat broader appearance of the teeth. 


Die seit dem Schuljahr 1957 durchgefiihrte Fluortablettenzufuhr bei den Salz- 
burger Schulkindern im Alter von 6 bis 10 Jahren, hatte folgenden Verlauf: 

Da sich zur Aktion die Bevélkerung zu iiber 99 Prozent meldete, muBte von 
der tiblichen Methode zweier parallellaufender Versuchsgruppen abgegangen 
werden und ein neuer Weg war einzuschlagen. Es wurden daher zundchst vor Beginn 
der Aktion alle Volksschulkinder im Alter von 6 bis 10 Jahren auf ihren Zahnge- 
sundheitszustand genau untersucht und die Ergebnisse festgehalten. Diese Resultate 
dienten dann als feststehende Zahl, an die die Versuchsgruppen herangefiihrt wurden. 

Es wurde mit der Tablettenzuteilung in der ersten und zweiten Klasse, also 
bei Kindern mit 6 und 7 Jahren begonnen. In jedem Falle wurden dann die Kinder, 
welche Tabletten erhielten, nach Klassen und Geschlecht getrennt, jahrlich mit 
Spiegel und Sonde vom gleichen Untersucher und unter gleichen Bedingungen auf 
ihren Zahngesundheitszustand untersucht. Das Ergebnis wurde auf Karteikarten, 
wie sie die Abb. | zeigt, festgehalten. Dieses Karteiblatt, das von der Firma Zyma 
entworfen und herausgegeben wurde, hat sich uns bestens bewdhrt. Sie gestattet 
in leicht zu handhabender und iibersichtlicher Form, so dass auch eine nicht 
besonders geschulte Assistentin damit umgehen kann, die genaue Eintragung der 
Anzahl, Lage und Form aller erkrankten, gefiillten und gezogenen Zahne und 
erlaubt aus den gefundenen Zahlen, die am FuBe des Schemas eingetragen werden, 
die spatere Errechnung aller notwendigen Indices. 

Die Tabletten—es handelte sich um Zyma-Fluor Tabletten—wurden taglich in 
den Schulen von den Lehrpersonen in einer Gesamtmenge von | mg Fluor pro 
Tag und Kind ausgegeben. Fiir die Ferien erhielten die Schiiler eine Ferialpackung 
mit einer entsprechenden Anzahl von Tabletten. 

Jahrlich wurden die Summen der gefundenen Zahlen—wie sie die Tabelle | 
zeigt—fiir die vorhandenen, caridsen, gefiillten und entfernten Zahne, nach 
Geschlecht, Milch- und bleibendem Gebi® fiir alle Klassen mit und ohne Tablet- 
tenzufuhr in Tabellen festgehalten. Dariiber hinaus wurde die Anzahl der Kinder 
mit tiberhaupt fehlerfreiem, naturgesundem und jene mit saniertem Gebib fest- 
gehalten und getrennt davon das Gleiche auch fiir das bleibende Gebifb gesondert 
eingetragen. 

Der Unterschied ist deutlich zu erkennen. Wiahrend bei 799 Kindern ohne 
Tablettenzufuhr nur 54 Kinder im 10. Lebensjahr noch ein naturgesundes, blei- 
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bendes GebiBb besaBen, hatten bei 398 Kindern, die die Tabletten ab der ersten 
Klasse erhielten, noch 82 ein naturgesundes bleibendes Gebib, was einer Reduktion 
von 20,60 Prozent entspricht. Von 429 Kindern, die erst in der II. Klasse begannen 
Fluortabletten zu nehmen, besaBen mit 10 Jahren noch 57 ein naturgesundes blei- 
bendes Gebib, was einer Reduktion von 13,28 Prozent entspricht. 


TABELLE 2. ALLE KINDER 


I. Ki.} IL Ki.) Uf. Ki. | UEKI. UL KL) OE KL YTV. KI IV. KI. | IV. KI. 
ohne | ohne mitTabl.| ohne mitTabl. mitTabl.| ohne mitTabl. mit Tabl. 
Tabl. | Tabl. | abI. KI] Tabl. abI. KI. abII.KI.| Tabl. abl. KI. ablII. KI. 


Anzahl der 
Kinder 688 775 5: 741 408 799 
Kariesbefall (°.) 98,40] 98,84 99,06 99.02 99.63 
Saniert 45 86 ; 79 95 133 
Kariesfrequenz 
(",) 38,40 | 39,60 36,34 | 38,80 33,73 33,98 
Milchzahne (°,) 47,21 | 57,73 54.86 | 65,62 62,71 69,11 
bleibende Zahne 
(°%) 11,77} 15,58 13,16 | 20,70 14,32 20,62 
d.m.f.p 7,96 7,86 7,25 6,35 6,06 J 4,68 
d.m.f-t 2,12 1,73 1,82 1,52 1,59 5 1,44 
D.M.F.-P 6,56 1,60 1,39 2,97 2,06 ; 3,75 2,56 
D.M.F.-T 8.76 6,40 7,58 4.84 6,97 . 4,84 6,56 
D.m.f.-P 8,61 9.49 8,65 9.33 8,13 8,44 7,11 


D.m.f.-T 2,61 2,52 2,75 2,58 2,96 2, 2,95 3,18 





Bleibende Zahne: Saniert—Naturgesund—Auf die Anzahl der Kinder bezogen 


Saniert 24 285 132 329 182 398 270 206 
Naturgesund 261 240 207 9] 124 159 54 82 











Die Tabelle 2 veranschaulicht die Vielfalt der Zahlen und Méglichkeiten, 
die bei unseren Untersuchungen festgehalten und ausgewertet wurden. Neben dem 
Kariesbefall und der Kariesfrequenz die nach Geschlecht, nach Milch- und blei- 
benden Zihnen getrennt festgehalten wurden, diirften vor allem die Indices interes- 
sieren und von diesen wiederum der DMF-T Index fiir die bleibenden Zahne. Dieser 
soll auch gesondert herausgegriffen und einer nadheren Betrachtung unterzogen 
werden. Die Tabelle 3 zeigt nun die Entwicklung des DMF-T Index fiir die blei- 
benden Zihne von der ersten bis zur IV. Klasse (6-10 Jahre). 

Die oberste Kolonne gibt die Indexzahlen fiir die entsprechenden Klassen im 
Laufe der Jahre, ohne Tablettenverabreichung, mit Tablettenzufuhr ab der I. Klasse 
und Tablettenzufuhr ab der II. Klasse wieder. 





DMF-T 


Kariesreduktion zur 
Vergleichsklasse (°,) 


Kariesanstieg zur 

Vorjahresparallelklasse 
(",) 

Keine Tabletten in 

der Ill. Klasse 


Gute Zahnpfilege, 
Keine Tabletten 


DMF-T 


Kariesreduktion zur 

Klasse ohne Tabletten 
C,) 

Kariesanstieg zur 

Vorjahresparallelklasse 
(",) 

Keine Tabletten in 

der lll. Klasse DMF-T 


Gute Zahnpflege, 
Keine Tabletten 
DMF-T-Index 


DMF-T 


Kariesreduktion zur 
Klasse ohne Tabl. (‘ 


Kariesanstieg zur 
Vorjahresparallelklasse 
(%) 


Keine Tabletten in 
der III. Klasse 
DMF-T-Index 


Gute Zahnpflege 
Keine Tabletten 
DMF-T-Index 


1. Kl 
ohne 


Tabl 


H. 


LEONHARDT 


I. und II. Volksschulklasse 


I1.Kl. 
ohne 
Tabl 


6.40 


26,94 


Index 








II.KI 
mit 
Tabl 
ab 

I. KI 

ALLE 


7,58 


15,60 


MApct 





Ill. KI 


ohne 
Tabl 


KINDER 


4,84 


- Bei Ausbleiben der Tablettengabe in der III. Klasse. 
>. Keine Tabletten bei Kindern mit besonders guter und sorgfaltiger Zahnpflege. 


Il. KL. IL. KI 


mit 
Tabl 
ab 


I. Kl. 


6.97 


30.03 


,20 


6.06 


21,10 


mit 
Tabl 

ab 
II.Kl 


31,40 


5.64 


15,30 


IV.KI 
ohne 


Tab! 








TABELLE 3. DMFT-Index nach !- und 2-jéhriger Fluortablettengabe bei Kindern beginnend mit der 


IV. Kl. 


IV. KI 
mit Tabl 
ab |. KI 


4,56 


mit 


Tabl. 


ab 
K! 
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Die zweite Kolonne vermerkt die Kariesreduktion in Prozenten im Vergleich 
der Testklasse mit der Vergleichsklasse. Es handelt sich also um die relative und 
nicht absolute Kariesreduktion. 

In der letzten Reihe steht als Vergleich und Kontrolle sozusagen, der Endindex 
der IV. Klasse bei Kindern, die keine Tabletten erhielten, weil die Lehrer der 
Ansicht waren, daB es sich hier um Kinder mit besonders guter Zahnpflege und aus 
guten sozialen Verhaltnissen handle und eine zusatzliche Tablettenzufuhr nicht 
notwendig sei. Wahrend bei der Vergleichsklasse der Index 4,84 betrug, war er bei 
den sogenannten Elitekindern 4,69, was wohl die Ansicht der Lehrer widerlegen 
diirfte. 

Ich méchte in diesem Zusammenhang hier noch auf die Tatsachen hinweisen, 
daB: 

1. Die Kinder, bei denen die Tablettenabgabe schon in der ersten Klasse ein- 
setzte, starker reduzierten (26,20 Prozent) als Zéglinge bei denen die Tablet- 
tenzufuhr erst in der II. Klasse erfolgte (22,40 Prozent). 

Das Aussetzen der Tablettenzufuhr in der dritten Klasse zwischen dem 8. 
und 9. Lebensjahr (vierte Kolonne), zeigt auf den Endeffekt keinen nennens- 
werten Einflub. 





ae 


ee 5/31 % 


“@22,39% 


0:15.78 % 


s 
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Ass. 2. Karieszuwachs der bleibenden Zahne bei Kindern zwischen dem 7. und 

10. Lebensjahr. ———— Karieszuwachs ohne Tabletten; Karieszuwachs mit 

Tabletten ab dem 6. Lebensjahr; ------- Karieszuwachs mit Tabletten ab dem 7. 
Lebensjahr. 


Die Knaben reagieren bedeutend starker als die Madchen, 36,00 zu 18,60 
Prozent. Abb. 2 zeigt den Karieszuwachs noch einmal in  graphischer 
Darstellung. 
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Eine weitere Tatsache, die auffallt, ist, daB die starkste Wirkung in den ersten 
beiden Jahren der Fluorzufuhr erfolgt, nach dem neunten Lebensjahr aber kaum 
noch eine Kariesreduktion, ja eher eine langsame Zunahme wieder festzustellen ist. 

Wie weit diese Zunahme anhalt und ob im Laufe der Jahre vielleicht sogar 
die Fluorwirkung wieder ganz verloren geht, wenn sie unterbrochen und nicht 


fortgesetzt wird, bedarf noch weiterer Forschung. 


Ehe die SchluBfolgerungen zu zichen sind, sollen kurz noch 2 Fragen gestreift 


werden: 

1. Wird der Zahnwechsel durch die Fluorzufuhr beeinfluBt? und 2. Wird die 
GréBe der Zahne beeintrichtigt? 

Tabelle 4 zeigt die Anzahl der bleibenden Ziahne pro Kind bei den 
10-jahrigen Schiilern und Schiilerinnen. Die Vergleichsgruppe ohne Tabletten, 
die Gruppe der Kinder mit Tabletten ab der 2. Klasse (7 Jahre) und jene Gruppe 
mit Tabletten ab der ersten Volksschulklasse (6 Jahre). 

Wahrend die Kinder ohne Tabletten im 10. Lebensjahr durchschnittlich 18,14 
bleibende Zihne besafen, hatten die Kinder mit Tabletten ab dem 7. Lebensjahr 
17,60 und jene mit Fluorzufuhr ab dem 6. Lebensjahr nur 16,85 bleibende Zahne 
pro Kind. 


TABELLE 4. ErNFLUSS DER FLUORTABLETTENVERABREICHUNG AUF DEN ZAHNWECHSEI 


Anzahl der bleiben- 
Tablettengabe den Zahne pro 
Kind 


Alle Kinder 


Keine Tabletten 
Tabletten ab der II. Klasse 
Tabletten ab der I. Klasse 


Knaben 
Keine Tabletten 
Tabletten ab der Il. Klasse 
Tabletten ab der I. Klasse 


Madchen 


Keine Tabletten 18,76 
Tabletten ab der Il. Klasse 18,50 
Tabletten ab der I. Klasse 18,17 


Auch hier zeigt sich bei den Knaben eine stérkere Auswirkung in der Verzé- 
gerung des Zahnwechsels als bei den Madchen, was auch aus der graphischen 
Darstellung in Ass. 3, deutlich hervorgeht. 

Zur Beantwortung der zweiten Frage wurden an rund 1000 oberen, mittleren, 
bleibenden Schneidezihnen mit einem MeBzirkel bis auf 0,1 (Ein Zehntel) Milli- 
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meter genaue Messungen vorgenommen. Es wurden dabei Hohe und Breite des 
linken und rechten ersten oberen Schneidezahnes gemessen und der Durchschnitt 
errechnet. 
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Alle Kinder Knaben Madchen 


ABs. 3. 


Wahrend sich im Langenwachstum kaum ein Unterschied zwischen Test- und 


Vergleichsklasse feststellen lieB, zeigte sich im Breitenwachstum bei der Fluorgruppe 


eine geringe Verstirkung. Eigenartigerweise diesmal bei den Madchen stirker als 
bei den Knaben (Tabelle 5). 


TABELLE 5. EINFLUSS DER FLUORTABLETTENGABE AUF DAS LANGEN- UND BREITENWACHSTUM 
DER BLEIBENDEN, OBEREN, MITTLEREN SCHNEIDEZAHNE (1 : 1) 


Rechts Links 


Lange Breite Lange Breite 
(mm) (mm) (mm) (mm) 


Alle Kinder 
Ohne Fluortabletten 9,22 8,01 
Mit Fluortabletten 9.13 8,38 

Knaben 
Ohne Fluortabletten 9,33 
Mit Fluortabletten 9,25 

Madchen 


Ohne Fluortabletten 9.12 7,80 
Mit Fluortabletten 9,02 8,42 


Welche SchluBfolgerungen lassen sich nun aus diesen Ergebnissen ziehen? 

Betreffend das Kariesgeschehen kann gesagt werden: 

Die Fluorzufuhr in Tablettenform zeigt auch dann noch bemerkenswerte Resultate, 
wenn sie erst beim Schulanfanger im 6. Lebensjahr einsetzt. Es kann dann bis zum 
10. Lebensjahr eine relative Kariesreduktion von rund 25 Prozent—in unserem 
Falle waren es 26,20 Prozent—erwartet werden. 
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Bei Beginn der Fluorzufuhr im 7. Lebensjahr ist die Reduktion geringer—rund 
20 Prozent relative Reduktion—in unserem Falle waren es 22,40 Prozent, was die 
Annahme unterstreicht, daB mit spaiterem Einsetzen der Zufuhr auch die Wirkung 
absinkt 

Das zeitweilige Aussetzen der Fluorverabreichung nach dem 8. Lebensjahr, 
becinfluBt nach vorheriger Gabe das Resultat kaum noch. Dies la8t darauf schlieBen, 
daB nach Vollendung des 8. Lebensjahres eine bis dahin erzielte Wirkung des Fluors 
nicht mehr gesteigert werden kann. 

Nach dem 9. Lebensjahr zeigt das Kariesgeschehen auch bei weiterer Fluor- 
zufuhr kein weiteres Absinken mehr. Es offenbart sich vielmehr cine stationire 
oder sogar eine leicht steigende Tendenz. 

Ob eine Fluorwirkung auch dann noch erreicht werden kann, wenn die Zufuhr 
erst nach dem 10. Lebensjahr oder noch spater, nach AbschluB des Zahnwechsels, 
einsetzt, bedarf noch weiterer Forschung. 

Die Knaben sprechen in einem fast dreimal so starken Mabe auf die Fluormedi- 
kation an als die Madchen. 

Die sekundire—moralische Wirkung in Form einer verstarkten Zahnpflege ist 
offensichtlich. Hier werden die Madchen stirker angesprochen als die Knaben. 


Eine gewisse Verzégerung des Zahnwechsels scheint durch die Fluorzufuhr 


bewirkt zu werden 

Diese Verzégerung des Zahnwechsels ist umso stirker, je friiher die Fluorverab- 
reichung cinsetzt. 

Bei Fluorzufuhr scheinen die bleibenden Zahne ein etwas stirkeres Breiten- 
wachstum zu haben, wahrend das Langenwachstum fast gegeniiber den fluorfreien 
Kindern zuriickzubleiben scheint. 

Die erste Tatsache wiirde fiir einen verstairkten, dichteren Schmelz sprechen, 
der mehr im Breiten- als im Langenwachstum zum Ausdruck kommt. 

Die zweite Tatsache kénnte auch mit dem etwas verzégerten Zahnwechsel in 
Zusammenhang gebracht werden, da bei den 10-jihrigen Kindern das Zahnwachs- 
tum noch nicht abgeschlossen ist. Ein fluorbedingter, verzégerter Zahnwechsel 
hatte dann auch zu diesem Zeitpunkt ein Zuriickbleiben des Liéingenwachstums 


zur Folge. 
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SECHS JAHRE KARIESPROPHYLAXE DURCH 
FLUORTABLETTENGABEN 


GISELA SCHUTZMANNSKY 


Harz 42/44, Halle a.d. Saale, Deutschland 


Zusammenfassung—Sechs Jahre einer in Halle durchgefiihrten, jeweils bei einer grés- 
seren Anzahl von Schulanfangern einsetzenden Fluorverabreichung rechtfertigen die 
Frage nach dem kariesprotektiven Erfolg dieser an die Gewissenhaftigkeit und die 
Konsequenz aller Beteiligten erhebliche Anforderungen stellenden Massnahme 

Als Testgruppe fiir die vorliegende Auswertung dienten die jetzt 12-13 jahrigen, 
denen von 1955 ab als damaligen Schulneulingen 0,75 mg Fluor schultaglich in Ta- 
blettenform verabreicht worden waren 

Erst nach 2 Jahren war ein deutlicher Unterschied zwischen den beiden 
Gruppen erkennbar, sodass eine Verabreichung von Tabletten iiber eine kiirzere Zeit 
wenig Wert zu haben scheint. Andererseits verlief die Erfolgskurve im 5. und 6. Jahr 
der Verteilung so flach, dass eine iiber das 10. Lebensjahr hinaus fortgefiihrte interne 
Fluoraktion in geringerem Masse erfolgversprechend scheint. Dies diirfte vor allem 
auf die bereits vorgeschrittene Zahnentwicklung der Probanden zuriickzufihren sein. 
Hinzu kommt, dass in unserer Testgruppe bis zum 4. Schuljahr Unterricht und Ta- 
blettenverabfolgung in der Hand der Klassenlehrer lagen, wahrend in den héheren 
Klassen bei der Unterrichtsverteilung auf viele Fachkrafte die Tablettengabe an 
Exaktheit der Durchfiihrung verlor 

Auf kariése Oberflachen aufgeschliisselt (DMF (S)) ergab sich nach 6 Jahren 
cine Reduktion von 27,2 Prozent 
Abstract—In Halle, Germany, fluorine was administered to children at the beginning 
of their elementary school life; the test was carried out over a period of 6 years, 
gradually increasing the number of test cases. This justifies the question whether 
this test, that makes considerable demands on conscientiousness and accuracy of all 
the persons concerned, shows caries-protective results 

The test group under consideration is now 12-13 years old. From 1955 onwards 
when they were school beginners, 9-75 mg fluorine was administered to them on 
each school day. 

4 distinct difference between the two groups did not become noticeable until 
2 years of the testing period had passed; therefore administration of tablets over 
a short period of time does not seem to have much value. On the other hand, the 
result over the period fifth to sixth year appears to be so small that it does not seem 
to promise much result if internal fluorine action would be continued after the age 
of 10 years. This may be due to the fact that at that time of their lives the test per- 
sons’ teeth are already well developed. In addition to this we must mention that for 


(27] 
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the first 4 school years, when one teacher looks after one form entirely by himself, 
the administration of tablets was under his sole control; later when several teachers 


were involved in the instruction of one form this situation affected the accuracy of 


the administration 


After 6 years we can put the reduction index of carious surfaces (DMF(S)) at 


27:2 per cent 
Secus Jahre einer ununterbrochenen peroralen Fluorverabreichung an Hallenser 
Schulkinder stellen mit Fug und Recht dic Frage nach dem erzielten kariespro- 
tektiven Effekt einer solchen, die Gewissenhaftigkeit und die Konsequenz aller 
Beteiligten in einem hohen Grade beanspruchenden Mabnahme. 

Gerechtfertigt schien uns die Einleitung dieser von Anfang an auf weite Sicht 
angelegten Tablettenaktion im Jahre 1955 einmal durch die uns mit Sorge erfiil- 
lende ansteigende Tendenz des Kariesbefalls unter unseren Jugendlichen, zum 
anderen durch die geringe Fluorfiihrung des Hallenser Trinkwassers, das mit 0,3 mg 
Fluor im Liter weit unter dem kariesprotektiven Optimum von 1,0 p.p.m. bleibt. 
Es lag also der Gedanke nahe, das bestehende Fluordefizit durch genau dosierte 
Tablettengaben auszugleichen, um dem pathologischen ProzeB durch prophylak- 
tische MaBnahmen zu begegnen. 

Unter Zugrundelegung der sehr genauen, Alter und Kérpergewicht beriicksich- 
tigenden Berechnungsskala von HELD ergab sich fiir unsere in Aussicht genommene 
Altersgruppe der 6-7-jahrigen cine tagliche Dosis von 0,75 mg Fluor, die in Form 
von 3 Tabletten zu je 0,25 mg gegeben wurde. Wir blieben bei dieser Dosierung 


mit Sicherheit innerhalb jenes Bereiches, der ein geniigend hohes Fluorangebot 


gewihrleistet, um cine mabgebliche karieshemmende Wirkung auszulésen, ohne 


dabei die eng umschriebene Wirkungsbreite des Fluors zu iiberschreiten. 

Die Herstellung der Natriumfluoridtabletten iibernahm nach unseren Angaben 
der VEB Homéopharm Dr. WILLMAR ScHwase, Leipzig. 

Mit der Ausgabe der Tabletten waren die Klassenlehrer betraut, die sich in 
dankenswerter Weise in den Dienst der Sache stellten. Die Verteilung erfolgte 
schultéglich, also unter Fortfall der Sonn- und Feiertage und der Schulferien an 
rund 200 Tagen im Jahre. Die Eltern waren durch ein Merkblatt iiber Sinn und Art 
der MaBnahme unterrichtet und ihr Einversténdnis in jedem einzelnen Falle ein- 
geholt worden. 

Wir begannen im Januar 1955 mit der Fluortablettenversorgung bei zundchst 
400 Schulanfaingern der Geburtsjahrgdinge 1947/48, dehnten sie im Januar 1956 
auf weitere 400 Schulneulinge der Geburtsjahrginge 1948/49 aus und in gleicher 
Weise auf eine anndhernd entsprechende Anzahl neuer Lernanfanger zu jedem 
neuen Jahresbeginn. Im Verlaufe der sechsjéhrigen Berichtsperiode wurden ein- 
schlieBlich der Erstuntersuchung 7 Oberpriifungen in einjahrigen Intervallen durch- 
gefiihrt. 

Unvermeidbare Fluktuationen im Schiilerbestand der Testgruppe, hervorgerufen 
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durch Wegzug, Klassenwechsel, Umschulung, langere Krankheiten usw., brachten 
eine nicht unerhebliche EinbuBe an verlaBlichem Untersuchungsmaterial mit sich. 

Bei der vorliegenden Auswertung verfuhren wir nun so, daB wir alle Erstunter- 
suchungen zusammenfaBten, in gleicher Art alle Befunde nach einjaihriger, nach 
zweijahriger, nach dreijaéhriger usw. Tablettenverabreichung ohne Riicksicht darauf, 
in welchem Kalenderjahre mit der Fluoridierung begonnen worden war. So wies 
zwar unsere 6 Jahre hindurch liickenlos mit Fluor versehene Gruppe nur die ver- 
haltnismaBig kleine Zahl von 258 Probanden auf, doch besaBen wir bereits 595 Be- 
funde nach einer fiinfjahrigen Tablettengabe, 916 nach einer vierjaéhrigen, 1317 nach 
einer dreijahrigen Fluorversorgung und so kontinuierlich ansteigend in dem MaBe, 


als jeweils ein neuer Jahrgang zum alten Stamm hinzugestoBen war. 


TABELLE |. REDUKTION DES KARIOSEN NEUBEFALLS NACH FLUORTABLETTENGABEN 


DMF-Zahne 
Anzahl in der vorhandenen Reduktion 


bleibenden Zahne des karidsen 
Neubefalls 


Fluorgruppe Kontrollgruppe (°) 
(",) 


der 
Probanden 


Erstuntersuchung 

Nach | jahriger Fluorgabe 
Nach 2 jahriger Fluorgabe 
Nach 3 jahriger Fluorgabe 
Nach 4 jahriger Fluorgabe 
Nach 5 jahriger Fluorgabe 
Nach 6 jahriger Fluorgabe 


* Statistisch nicht signifikant 


Die wichtigsten Jahresergebnisse sind aus Tabelle | ersichtlich. Nach einem 
Jahre war die Reduktion an neuerkrankten bleibenden Zahnen gering. Erst nach 


zweijahriger Betreuung begann sich ein deutlicheres positives Ergebnis abzuzeich- 
nen. Doch bleibt die Differenz zwischen Test- und Vergleichsgruppe mit 8,1 Prozent 
Verminderung des kariésen Neubefalls immer noch niedrig und ist statistisch nicht 


signifikant. 

Nach dreijahriger liickenloser Tablettenversorgung errechnete sich eine Abnahme 
der Kariesrate von 11,2 Prozent. Nach vierjahriger Fluortherapie aber erfolgte ein 
auffallender Anstieg auf einen Reduktionswert von 21,3 Prozent gegeniiber dem 
Karieszuwachs in der Vergleichsgruppe. Mehr als ein Fiinftel der bei den Kontrollen 
aufgetretenen kariésen Neuerkrankungen war verhiitet worden. Im 5. und 6. Jahre 
nahm der kariesprotektive Effekt nicht mehr im selben MaBe zu. Mit 23,3 Prozent 
Kariesreduktion am Ende des sechsjahrigen Berichtsraumes war ein Ergebnis zu 
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buchen, das nur unwesentlich tiber dem nach vier Jahren erreichten Resultat 


liegt. 

Dieser nur noch maBige Anstieg der Karieshemmung diirfte einmal auf das 
zunchmende Alter der Probanden zuriickzufiihren sein, zum Teil wohl auch auf 
gewisse Gegebenheiten innerhalb unserer Versuchsgruppen. In den ersten 4 Jahren 
lag der gesamte Schulunterricht in der Hand des Klassenlehrers, der auch fiir die 


Tablettenverteilung verantwortlich war. In den héheren Klassen dagegen wurde 
der Unterricht von einer gréBeren Anzahl Fachlehrer iibernommen, wodurch die 
Tablettenausgabe leider an Exaktheit einbiiBte. Auch diirfen wir uns nicht verhehlen, 
daB sich bei Lehrern und bei Schiilern im Laufe der Jahre eine gewisse Ermiidung 
bemerkbar machte, die der korrekten Durchfiihrung Abbruch tat. 


DMF - Zahne in %o der vorhandenen bleibenden Zahne 











Ass. |. DMF-Zahne in Prozent der vorhandenen bleibenden Zahne in der Fluor- 
und der Kontrollgruppe 


Das folgende Bild (Abb. 1) zeigt das eben Gesagte in graphischer Darstellung. 
Die Sdulen veranschaulichen die Anzahl der DMF-Zahne bezogen auf die vorhan- 
denen bleibenden Zihne in der Fluorgruppe und der Vergleichsgruppe, die beiden 
Kurven die in den 6 Berichtsjahren erzielte Verhiitung des kariésen Neubefalls mit 
der anfanglich nur geringfiigigen Karieshemmung, die erst im 3. Jahre sich deutli- 
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cher auspragt, am Ende des 4. Jahres ein Maximum erreicht und sich im 5. und 6. 
Jahre wieder abschwacht. 

Diesen mir wichtig erscheinenden Verlauf der langsam ansteigenden, dann leb- 
hafter einsetzenden und zuletzt sich rapid mindernden Wirkung der Fluorgaben 
finden wir ebenso markant bei der Aufschliisselung der Befunde auf die Zahnober- 
flachen (DMF(S)). Nach 2-jéhriger Berichtszeit registrierten wir hier eine Karies- 
reduktion von 9,3 Prozent, nach vier Jahren von 24,6 Prozent, nach 6 Jahren eine 
solche von 27,2 Prozent. Die beiden letzten Ergebnisse sind statistisch stark gesichert 
und zeigen, daB die Anzahl der wahrend der 6-jaéhrigen Beobachtungsperiode in den 
Kontrollgruppen neu entstandenen kariésen Lasionen in der Testgruppe durch in- 
terne Fluorgaben um mehr als ein Viertel gesenkt werden konnte. 


Tablettenfluoridierung Halle /Saale 1955 - 1961 
Jahrliche Reduktionswerte des kariésen Neubefalls 


Og 


10 gy 











Joo 


nach 2 3 4 6 Jahren 


Ass. 2. Reduktionswerte des kariésen Neubefalls in den einzelnen Jahren. 


Das dritte Bild (Abb. 2) schlieBlich legt zusammenfassend noch einmal die jahr- 
lich erzielten Reduktionswerte in unserer Testgruppe dar: den etwas zégernd ein- 
setzenden Beginn der kariesprotektiven Wirkung, die ausgepragte Steigerung im 
4. Jahre und das Absinken auf niedrige Zuwachsraten im 5. und 6. Jahre. 

So glauben wir nach den Erfahrungen an unserer Behandlungsreihe sagen zu 
diirfen, daB bei unseren 6-jaéhrigen eine Tablettenbetreuung von nur 2 Jahren wenig 
Erfolg erwarten laBt, daB eine linger als 4 Jahre fortgesetzte Tablettengabe keine 
ins Gewicht fallende Erhéhung der kariesprotektiven Wirkung mehr verspricht. daB 
aber eine bei der Einschulung beginnende und vier Jahre lang gewissenhaft durch- 
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geflihrte perorale Fluortherapie es erméglicht, den kariésen Neubefall im bleibenden 


Gebii um etwa ein Viertel zu reduzieren. Dieser Reduktionswert dnderte sich 
2 Jahre nach beendeter 4-jaihriger Tablettengabe nur unbedeutend. 
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EXPERIENCES AND PROBLEMS OF FLUORIDATED 
COOKING SALT IN SWITZERLAND 


H. J. Wesp! 


Department of Obstetrics and Gynecology, Aarau, Switzerland 


Zusammenfassung—Im Jahre 1950 wurde fluoridiertes Speisesalz in 1-kg-Packungen 
mit 20 mg NaF und 10 mg KJ pro kg im Kanton Ziirich/Schweiz als eine neue Art 
von Speisesalz eingefiihrt; im Jahre 1960 wurde dieses Salz in 16 von 25 Schweize- 
rischen Kantonen verkauft. Der Gesamtverbrauch war 2741700 kg. 3514000 
Schweizer, das sind 67 Prozent der Gesamtbevélkerung, haben ohne Schwierigkeiten 
eine Erhéhung der taglichen Fluorzufuhr erreicht, ohne Kosten und ohne irgendeinen 
Zwang 

Die Gesetzgebung und die Kontrolle von Nahrungsmitteln muBte diesen Zwecken 
angepaBt werden, so daB dieses Salz nur in jenen Gemeinden verkauft wird, in denen 
der Fluorgehalt des Trinkwassers niedriger ist als 0,6 mg/l. Beim GenuB dieses Salzes 
war der durchschnittliche Fluorgehalt der Nahrung=1,208 mg pro Tag fiir eine 
Person im Alter von 15 Jahren. Die durchschnittliche Fluorausscheidung im Urin 
war 0,873 mg pro Tag fiir 3 Personen. Untersuchungen iiber den Fluorgehalt der Zahne 
werden zurzeit durchgefiihrt. Untersuchungen an neugeborenen Kindern zeigen, dab 
der kropfprophylaktische Effekt des Jods durch Zusatz von Fluor nicht vermindert 
wird. Es ware wiinschenswert, wenn einige Zahnarzte Untersuchungen iiber den 
kariesreduzierenden Effekt durchfiihren wiirden. Die Erhéhung der Zufuhr und die 
Kombination von fluoridiertem Salz mit anderen Arten der Fluorverabreichung 


wird diskutiert. 


Ir 1s generally accepted that water-fluoridation cannot be introduced everywhere. 
In rural areas technical and financial difficulties make water-fluoridation impossible; 
in big cities political and psychological difficulties may arise. If we want to give the 
benefit of fluorine-prophylaxis to everybody, we have to look for other methods 
which might be able to replace water-fluoridation. 

There are some very striking similarities between iodine-prophylaxis of endemic 
goitre and fluorine-prophylaxis of caries. In the first years of goitre prophylaxis, 
iodine was administered as tablets. In some cities, iodine was added to public water 
supplies. Now iodized salt, which was first started as a public health messure by my 
father-in-law Dr. EGGENBERGER in 1922 has shown to be the most practical form 
of iodine administration. That is the reason why I believe that fluoridated cooking 
salt might also be the most practical and effective means of fluorine prophylaxis. 

I started fluoridation of cooking salt on an individual scale in 1946 (Wesp1, 1948, 
1950, 1954, 1956). In 1955 fluoridated salt was introduced as a “food with a prophy- 
lactic purpose” in the canton of Ziirich and has now expanded over more than 


[33] 
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half of Switzerland; the rapid development in its consumption is shown in Table 1. 
In 1960 sixteen of the twenty-five Swiss cantons had introduced this fluoridated and 
iodized salt with 200 mg of sodium fluoride and 10 mg of potassium iodide per kg. 
The total consumption in 1960 was 2,741,700 kg. 


TABLE |. CONSUMPTION OF FLUORIDATED SALT IN SWITZERLAND 


(100 kg PER YEAR) 


1955 1956 1957 5 1959 


Ziirich 1000 4102 4753 5 4890 
Aargau 452 2112 508 2917 
Schaffhausen 687 1000 ; 1125 
Fribourg 315 747 1182 
Solothurn 241 1380 


Uri 75 5 75 


Luzern 5 3007 
Thurgau 52 
Appenze!l 237 
Appenzel 480 

St. Gallen 135 
Obwalden 50 53 
Nidwalden 15 30 
Bern 

Zug 475 
Glarus 33 


1000 5556 8928 12,722 15,545 27,417 


Fig. | shows the present-day situation of fluorine-prophylaxis in Switzerland. 


The shaded parts are the cantons where fluoridated salt is available. In my first 
papers about salt-fluoridation (1947, 1950), | mentioned that it would be especially 
useful for the mountainous regions of Switzerland, where water-fluoridation is 


impossible. We have now the paradoxical situation that fluoridated salt has been 
introduced in the industrial parts of northern Switzerland and that the alpine can- 
tons in the southern part still hesitate. Nr. | is Winterthur, where the school-milk 
is fluoridated and where bottles of a fluoride solution are available for individual 
fluoridation of the milk in every household. Nr. 2 is Aigle, the only small village in 
Switzerland where water-fluoridation was initiated last year. Nr. 3 is Basle, which 
is probably going to introduce water-fluoridation this autumn. All over Switzerland 
fluorine-tablets, “Zyma-Fluor” are available in pharmacies. 

The fact that fluoridated salt has spread over more than half of Switzerland in 
less than 6 years, seems to be a proof that salt-fluoridation is considered by our 
authorities as a practicable means of replacing water-fluoridation because it is 
simple, cheap and does not include any compulsion. 
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Some weeks ago, MARTHALER (1961) completed a paper concerning the effect 
of fluoridated salt on the permanent teeth of children in Ziirich. I am grateful to him 
for showing me the manuscript of his paper, which is now in press. He compared 


Fic. |. Present-day situation of fluorine prophylaxis in Switzerland. 
Shaded areas: Fluoridated salt available. 1: Winterthur. Fluoridation of schvol-milk. 
Fluoride solutions for individual fluoridation of milk in every household. 2: Aigle. 
Water-fluoridation started in 1960. 3: Basle. Water-fluoridation project. 


TABLE 2. EFFECT OF WATER- AND SALT-FLUORIDATION ON PERMANENT TEETH 
(AFTER MARTHALER) 


Ziirich without or with 4'/, years of consumption of fluoridated salt (SF) 


Grand Rapids before and after 4'/, years of water-fluoridation (WF) 


DMF-index Difference 

Age me 
(years) | : , 
without SF | with SF teeth 


Before WF, After WF,, DMF- | 

| Per cent 

Grand Rapids ; 2-95 2:16 0-79 27 
3-90 2:48 1-42 | 36 


Zirich 5-83 4:56 1-27 | 


the DMF-Index of 8-9-year-old children in Ziirich, using fluoridated salt for 44 years 
with those who did not use this salt, and he compared the figures of Ziirich with 
those of Grand Rapids (Table 2). In Grand Rapids we find a reduction in DMF- 
index in 8-year-old children of 27 per cent after 44 years of water fluoridation and 
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a reduction of 36 per cent in 9-year-old children. In Ziirich we find a reduction of 


22 per cent in 8-9-year-old children using fluoridated salt. These figures are proof 


that fluoridated salt is not only simple and cheap, but that it is also effective. | think 
that the dentists should no longer insist only on water-fluoridation, but that they 
should also consider salt-fluoridation. 

The principal problem in salt fluoridation lies in the dosage. The final solution 
can only be established by scientific studies with different dosages. But already at 
the present time we can estimate approximately the best dosage. There is a general 
agreement that a good fluorine-prophylaxis should give an additional fluorine supply 
of about 1-1-5 mg of fluorine and that it should not exceed 5-8 mg per day for an 
adult person. 

In the village of Wadenswil, where salt-fluoridation was started, the salt con- 


sumption of every household was recorded. Table 3 gives the complete figures of 


Taste 3 NSUMPTION OF FLUORIDATED SALT PER YEAR BY FAMILIES 
IN WADENSWiL 1957/58 


No. of persons per family 


4 


Total 
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salt consumption of families with two to five persons in 1957/58. If we neglect the 
extreme values and consider only the 81-92 per cent of families with a reasonable 


salt consumption (Table 4), we find a range of 3-12 kg in families with two persons. 


TABLE 4. SALT CONSUMPTION IN WApeNSwiL 1957/58 


No No Percentage . 
kg/year/family 
persons families of families 


per family examined evaluated 
Range Mean 


39 81 12 
117 91 9 
244 92 12 
154 91 15 


Salt consumption of an adult mean: 6 
person, g/day normal range: 3-9 
highest value: 16 


This range goes down to 2-9 kg in families of three persons. These are families with 
only one—mostly small—child. It goes up to 3-12 kg if another baby arrives and 


it goes still higher to 4-15 kg in families with five persons. The mean salt consumption 
in families of two adult persons is 8-39 g per day for one person. In families with 
children it is lower and varies between 4-26 and 4-79 g. From the experience of W4- 
denswil we can conclude that in Switzerland the salt consumption of a normal adult 
person ranges between 3 and 9 g, with a mean of 6 g, and that the highest value 


lies at 16 g. 


TABLE 5. FLUORINE INTAKE FROM A FLUORIDATED SALT SUPPOSING 
4 80 PER CENT UTILIZATION (mg/day) 


Daily salt Fluorine dosage in the salt (mg/kg) 
consumption 
(g) 100 150 200 250 
0-24 0-36 0-48 
0-48 0-72 0-96 
0-72 1-08 1-44 
0-96 1-44 1-92 


1:28 1-92 2:56 


Table 5 gives the relation between fluorine content of salt, salt consumption 
and fluorine intake, assuming that 80 per cent of the salt remains in the food and 
is ingested. From this table we can see that the fluorine content should be about 
200 or 250 mg per kg, if we want an additional intake of about 1 mg with a mean 
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salt consumption of 6 g. We could even go higher to 300 mg without any danger. 
With the maximal salt consumption of 16 g, the fluorine intake of 3-84 mg would 
remain lower than the dangerous limit of 5-8 mg. 

With the financial support of the Swiss Academy of Medicine, Dr. FAssa* exam- 
ined the fluorine content of food prepared with salt of different fluorine dosage 
(Table 6). If the food of a 14-year-old boy was prepared with the commercial fluor- 
idated salt of Switzerland, its fluorine content was 1-21 mg per day. If we used 
a special salt with 180 mg of fluorine per kg, the fluorine content of the food wen 


up to 1-97 mg per day 


TABLE 6. FLUORINE CONTENT OF THE FOOD OF A 14-YEAR-OLD BOY 
(mg F/24 hr) (DeMoLe-Fassa) 


Food prepared with fluoridated salt of different fluorine content 


Commercial Special 
fluoridated salt fluoridated salt 
90 mg F/kg 180 mg F/kg 


1-24 1-48 


Single values 
. 1-18 


Mear 1-21 


In Switzerland the first stage in salt-fluoridation has been achieved. But that is 
only a beginning; much work has still to be done. Already now we can advise a salt- 
fluoridation with 200 mg of fluorine per kg and remain on this dose as long as com- 
parative studies with different dosages will not show that a higher dosage is more 
effective without being harmful. Our task is now to offer a fluoridated salt with 
200 mg F/kg to all individuals who want to carry out salt-fluoridation in their fami- 
lies and to offer fluoridated salts with different dosages for scientific studies. The 


problem of offering fluoridated salt to families and varying the fluorine content can 


be solved if every household makes its fluoridated salt individually. It is possible to 
produce a salt with a very high fluorine content which we can prescribe as a pharma- 
ceutical product. We are considering producing a salt with 5200 mg F/kg; 0-1 g of 
this salt will contain 0-5 mg of fluorine and can be given to newborn babies and 
small children as a medicine. If we take 40 g of this concentrated salt and mix it 
with | kg of the usual salt, we get a fluoridated salt with 200 mg F/kg. By changing 
the amount of this concentrated salt, the amount of fluorine will also be changed. 

| hope that in the coming weeks, this concentrated salt will be available, and 
that it will help to spread the use of fluoridated salt, and will help to promote scien- 
tific studies on the effect and best dosage of salt-fluoridation. 


* | am obliged to Prof. Demo.e and Dr. Fassa for their collaboration 
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EFFECTS OF SOME TRACE ELEMENTS ON 
FLUORIDE RETENTION AND DENTAL CARIES 


W. BUTTNER 


Institut fir Ernahrungswissenschaft der Justus Liebig-Universitat, Giessen, Germany 


Abstract—The effect of the trace elements fluorine, molybdenum, vanadium, manga- 
nese and selenium on fluoride retention and dental caries experience in the white rat 
was studied in four experimental series. In Series I, F and Mo, separately or in com- 
bination were administered in the drinking water during pregnancy and lactation and 
subsequently to the offspring over a period of 120 days. The dosage levels were 
50 p.p.m. F, 25 p.p.m. Mo and 50 p.p.m. Mo. The combined administration of Mo 
and F was significantly more effective in reducing dental caries than the administra- 
tion of F alone 

When F and Mo at levels of 0-5 mg F and 1-0 mg Mo were administered by stom- 
ach tube daily after weaning over a period of 120 days (Series I1), the combined 
administration of F and Mo was not more effective in reducing dental caries than 
the administration of F alone 

In Series 11, F, Mo and Mn at concentrations of 50 p.p.m. each, and V at a con- 
centration of 10 p.p.m. were administered to weaned rats in the drinking water for 
90 days. The effect of these trace elements was studied for each trace element sepa- 
rately and in combination with F. The elements Mo, Mn and V did not significantly 
reduce dental caries; simultaneously administered with fluorine, these trace elements 
did not mediate higher caries reductions than fluorine alone 

Selenium was given as sodium selenite at levels of 5 p.p.m. and 10 p.p.m. (whole 
compound) in the drinking water of the mothers during pregnancy and lactation and 
subsequently to the offspring over a period of 120 days (Series IV). Sodium selenite 
increased dental caries significantly. 

Fluoride retention in the femora was not changed significantly by the ingestion 
of Mo, Mn, V and Se 

Several trace elements other than fluorine have been studied to evaluate their 
influence on susceptibility to dental caries. Epidemiological studies in the human 
and laboratory studies in rodents indicate that Mo, V, Mn, Cu and B may reduce 
dental cat.es while Se was found to enhance dental decay. The results of several inves- 
tigations in humans and rodents indicate that Mo when present in food and drinking 
water may be responsible for caries reduction. It was suggested that the effect of Mo 
on dental caries is due to a higher F-retention. Other studies suggest that similar 
interactions may exist between F and Mn, F and V, and F and AI. In the present 
study the effect of Mo, V, Mn and Se on dental caries and F-retention in the rat has 
been studied. It was found: 

(1) The combined administration of Mo and F in the drinking water was signifi- 

cantly more effective in reducing dental caries than the administration of 


F alone; 


{40} 





EFFECTS OF SOME TRACE ELEMENTS ON FLUORIDE RETENTION AND DENTAL CARIES 


(2) Se significantly increased dental caries in the rat if administered in the drink- 
ing water during the entire period of tooth formation; 
(3) F-retention was not changed significantly by the administration of the trace 
elements studied. 
INTRODUCTION 
THE ACTION of various trace elements other than fluorine on dental caries has been 
studied in epidemiological surveys in the human and to a great extent in laboratory 
investigations in rodents. In 1955, HEIN reviewed the relevant literature on investi- 


gations dealing with the effect of various agents, including trace elements, on dental 


caries in hamsters and rats. In the meantime several other studies have been con- 
ducted with rodents to evaluate the influence of trace elements on susceptibility 
to dental caries. The studies by Geyer (1953) and WINIKER (1957) in hamsters and 
the experiments of KRUGER (1959) and TeMPESTINI and PAPPALARDO (1960) in rats 
suggest a caries-reducing action of vanadium. ADLER (1957) and KRUGER (1959) ob- 
served a decreased caries incidence in rats which received molybdenum. MUNCH (1957, 
1958) found in hamster assays a caries reducing effect of molybdenum and manga- 
nese. Epidemiological studies in the human by ADLER and STrAuB (1953) showed 
decreased caries rates in children consuming drinking water with elevated molyb- 
denum levels. It was pointed out by LUupwiG, HEALY and Losee (1960) that a higher 
intake of molybdenum may be the prime factor responsible for a lower caries rate 
in 6-10-year-old children, living in an area of New Zealand with a higher molyb- 
denum content in soil and vegetables. Epidemiological caries studies carried out 
by TANK and Storvick (1960) show the influence of three trace elements on dental 
caries in primary and permanent teeth. Fluorine and vanadium reduced dental 
caries while selenium increased dental decay. This study confirms previous observa- 
tions of HADJIMARKOS, STORVICK and REMMERT (1952) and HADJIMARKOS and 
BONHORST (1958) based on caries studies in Oregon children, which suggested that 
selenium may be responsible for rendering the teeth more susceptible to dental 
caries attack. 

The effective mechanism of trace elements other than fluorine in regard to dental 
decay is still unknown. An interesting suggestion as to the effect of molybdenum 
was recently made by STOOKEY and MUHLER (1959). These authors found an increase 
in fluoride retention in rats receiving 50 p.p.m. of molybdenum in their drinking 
water from weaning over a period of 30 days. It was suggested that the increased 
fluoride utilization could be responsible for an anti-cariogenic action of molybde- 
num. In his experimental caries study KRUGER (1959) found interactions between 
fluorine and boron and between fluorine and aluminium. TEMPESTINI and PAPPA- 
LARDO (1960) showed in the rat that combined administration of fluorine and vana- 
dium was more effective in reducing dental caries than the sole administration of 
fluorine. Another interesting finding in an epidemiological study in Mecca carried 
out by EL TANNIR (1959) was the probability that manganese seemed to cause a brown 
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coloration of mottled enamel in humans consuming a water supply with a fluorine 
concentration of 2 p.p.m. Manganese proved to be present in different specimens 
of teeth affected by mottling. The author states that “fluorine seems to exercise 
a‘“fixing” action in that respect”. 

In order to discover some further experimental evidence for these suggested 
interactions, the purpose of this study was to determine the effects of the trace ele- 
ments molybdenum, manganese, vanadium and selenium on dental caries and fluo- 
ride retention in the rat. 

EXPERIMENTAL METHOD 

The experiment consisted of four series, all of which were conducted with caries- 
susceptible rats of the Wistar strain. The cariogenic coarse stock corn diet was com- 
posed of (in per cent): yellow corn grits, 52-7; ground yellow corn, 11-3; powdered 
whole milk, 30; alfalfa, 4-8; iodized sodium chloride, 1; irradiated yeast, 0-2. The 
diet, distilled drinking water and the drinking solutions containing the respective 
trace elements were given ad libitum. The rats were housed in pairs in raised screen 
metal cages. For the preparation of the desired aqueous solutions the following 
reagent grade (Merck) compounds were used: NaF; (NH,), Mo; O.,,°:4 H,O; 
MnCl, -4 H,O; NH, VO,; and Na,SeO,. In comparison with distilled water, no 
change in pH occured in the concentrations used. 

Caries evaluation at the end of each respective experimental period was carried 
out according to the method described by MUHLER, NEBERGALL and Day (1954). 
Fluorine analysis followed the directions of the ORCA standard method described 
by QUENTIN and INDINGER (1959). 

Series |. Six groups of five female rats each were mated and received during 


pregnancy and lactation drinking water solutions of: (1) distilled water as controls, 
(2) 25 p.p.m. Mo, (3) 50 p.p.m. Mo, (4) 50 p.p.m. F, (5) 25 p.p.m. Mo -+- 50 p.p.m. F, 
(6) 50 p.p.m. Mo -+- 50 p.p.m. F. The same solutions were administered to the re- 


spective offspring over a period of 120 days, after which time the progeny were sacri- 
ficed for caries evaluation and fluorine analysis in the femora. 

Series Il. A total of forty male rats, weighing between 110 and 120 g were 
equally divided into four groups receiving in | ml of aqueous solution daily by stom- 
ach tube: (1) H,O (control), (2) 1-0 mg Mo, (3) 0-5 mg F, (4) 1-O mg Mo +- 0:5 mg F. 
After 120 days of administration, caries was evaluated and fluorine was determined 
in the femora and in the pooled samples of whole maxillary incisors. 

Series 111. 144 male rats, weighing between 40 and 50 g, were equally divided 
into eight groups receiving the following concentrations of trace elements in their 
drinking water: (1) H,O (control), (2) 50 p.p.m. Mo, (3) 50 p.p.m. Mn, (4) 10 p.p.m. V 
(5) 50 p.p.m. F, (6) 50 p.p.m. Mo -+- 50 p.p.m. F, (7) 50 p.p.m. Mn -+- 50 p.p.m. F, 
(8) 10 p.p.m. V + 50 p.p.m. F. The experimental period lasted 90 days, after this 
time caries was evaluated and fluorine determined in the femora. 120 rats completed 
the experiment. 
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Series 1V. In this part of the investigation the effect of selenium on dental 
caries was studied: selenium was administered in the drinking water during the pe- 
riod of tooth formation. Three groups of eight female rats each were mated and 


re 
(2 


ceived during pregnancy and lactation drinking solutions of: (1) H,O (control), 
) 


5 p.p.m. Na,SeQO,, (3) 10 p.p.m. Na,SeO;. The offspring received the same con- 
centrations of sodium selenite for 120 days. The dosage levels used partly inhibited 
reproduction. Therefore, only twenty pups were born in Group 2, and seven pups 
in Group 3, as compared with thirty-one pups in the control group. The offsprings 
were sacrificed after 120 days, and again caries was estimated and fluorine analysed 
in the femora. 
RESULTS 

The findings are summarized in Tables 1-8. Table | shows the effect of the admin- 
istration of fluorine and molybdenum in the drinking water to the mothers and 
subsequently to the offspring over a period of 120 days on the dental caries expe- 


TABLE |. EFFECT OF PRENATAL AND POSTNATAL ADMINISTRATION 
OF MOLYBDENUM AND FLUORINE ON DENTAL CARIES IN RATS 


F and Mo Mean No. of Mean No. of 


No. of 


in drinking water carious molars carious lesions 
rats 


120 days per rat per rat 


Control 45+0-2t 7-2+0-6+ 

25 p.p.m. |! 45406 7741-1 

50 p.p.m. 41403 6940-6 
p.p.m. 2:2+0°5 3-0+08 


p-p.m. } 
p.p.m. 


1-1+0-3 1-2+0-3 


Poe & 0540-2 0640-3 
p.p.m. F 


* Compounds used: (NH,). Mo; O,,:4 H,O. 
NaF. 
+ Standard deviation. 


rience. The concentrations of 25 p.p.m. Mo and 50 p.p.m. Mo did not result in signifi- 
cant caries reduction. A marked reduction of 58 per cent in the mean number of 
carious lesions was found in rats receiving 50 p.p.m. F in their drinking water as 
compared with the controls. The combined administration of fluorine and molyb- 
denum was significantly more effective in reducing dental caries than the adminis- 
tration of fluorine alone. There was a dosage response according to the two levels 
of 25 p.p.m. and 50 p.p.m. Mo plus 50 p.p.m. F. The differences in mean number 
of carious lesions per rat between control group and 50 p.p.m. F-group and between 
50 p.p.m. F-group and 50 p.p.m. Mo +- 50 p.p.m. F-group are statistically signi- 
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ficant, the f-values being 4-4 and 2-2, respectively. As seen from the Table 2 data, 
simultaneous ingestion of fluorine and molybdenum did not result in an increased 
fluoride retention in the femora. Similarly, rats of the group receiving 50 p.p.m. Mo 
and no additional fluoride did not retain increased levels of fluorine as compared 


with the control rats 


TABLE 2. EFFECT OF PRENATAL AND POSTNATAI 


AND FLUORINE ON FLUORIDE RETENTION IN 


F and Mo I 
in drinking water 
120 days (p.p.m.) 
Contro 5 69+ 34 
25 p.p.1 42+2 
7849 


5860+ 270 


5860 + 256 


$910+ 204 


ADMINISTRATION OF 
FEMORA Of 


Concentration 


RATS 


in femur* 


Total -I 


22+09F ng 
15+07 we 
244+2°5 ng 


20+006 mg 


2:2+007 mg 


20+0:10 mg 


MOLYBDENUM 


° Ash 


+t Standard deviation 


In Series II fluorine and molybdenum was administered daily by stomach tube. 


Applying this procedure, a caries reduction was found in the fluorine groups only, 


however, combined ingestion of fluorine and molybdenum did not result in higher 
caries reductions than in rats with a daily ingestion of 0-5 mg F. Again, fluoride 


retention in the femora was not changed by the consumption of molybdenum. 


Taste 3. EFrPeCr OF ADMINISTRATION OF MOLYBDENUM AND FLUORINE 
STOMACH TUBE ON DENTAL CARIES IN THE RAT 


Mean No Mean No 
carious molars carious lesions 


per rat per rat 


(NH, Mo, O,,:4 H,O 
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These data are shown in Tables 3 and 4. The maxillary whole incisors of each group 
were pooled, powdered and ashed and fluorine determined in duplicates. This pro- 
cedure did not allow the calculation of the standard deviation. The mean values 
show that similar to the femora no increased fluoride retention in incisor teeth 
resulted from the ingestion of molybdenum. 


TABLE 4. EFFECT OF ADMINISTRATION OF MOLYBDENUM AND FLUORIDE 
BY STOMACH TUBE ON FLUORIDE RETENTION IN THE FEMORA AND INCISORS OF THE RAT 


F in femur* . 
F and Mo Final Shes 


by stomach tube No. of weight — Total whole 


daily rats incisort 
120 days (g) (p.p.m.) (ug) (p.p.m.) 


H,O (control) 10 348 + 12% 151+2t 53+2t 43 
10 mg Mo 9 350+ 10 16142 5742 55 
0-5 mg I 8 33348 2550+ 43 905+ 13 248 
1-0 mg Mo 9 343414 2479+ 70 891421 235 
05 mg I 


* Ash 

t Ash, maxillary incisors of whole group pooled. 

t Standard deviation 

The results of Series 111 of the study are summarized in Tables 5 and 6. As com- 

pared with the control group, caries of the molar teeth of rats weighing between 40 
and 50 g and receiving for 90 days in their drinking water 50 p.p.m. Mo, 50 p.p.m. Mn 
and 10 p.p.m. V, respectively, was not significantly reduced. Significant reductions 
in the mean number of carious lesions were obtained in all fluoride groups, however, 
without any additional effect if trace elements were administered simultaneously 
with fluorine. Weight gains in all groups were similar. Neither in rats consuming 
molybdenum, manganese, or vanadium, nor in rats consuming these trace elements 


together with fluorine, did significant changes occurred in fluoride storage of the 


femora. 

The administration of 5 p.p.m. and 10 p.p.m. sodium selenite in the drinking 
water of the mothers and subsequently to the offspring over a period of 120 days 
resulted in a significant increase of dental caries as compared with the controls. As 
judged by the mean numbers of carious lesions, the incidence of caries of the 5 p.p.m. 
Na,SeO,-group was 26 per cent higher, that of the 10 p.p.m. Na,SeO,-group 38 per 
cent. The extent of carious lesions in the two selenium groups was increased 38 and 
54 per cent, respectively. Unfortunately, the selenium levels used reached a toxic 
range reducing reproduction and weight gain significantly. Again, fluoride concen- 
tration in the femora was not changed. Total fluoride was reduced in the femora 
of the selenium groups. This effect is probably due to the lowered food ingestion of 
these animals. The data of Series IV are shown in Tables 7 and 8. 
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Taste 5S. ErPrecr OF ADMINISTRATION OF Mo, Mn, V AND F IN THE DRINKING 
WATER OF WEANING RATS ON DENTAL CARIES 


Administere Mean No Mean No 
90 day carious molars carious lesions 


in drinking per rat per rat 


Contr 46+03* 86+0-6° 
$0 p.p.n } 45+03 803404 
50 p.p.n 42402 77+08 
10 p.p.n 40+01 74405 
sO n 36403 $3405 


$0 p.p. : 35403 $-240°5 
SO 

$0 p.p.m 39403 60+0-7 
$0 p.p.n 

10 p.p.n 37403 59+0-6 


sO p.p.m 


* Standard deviation 
Compound used: (NH,). Mo; O,,:4 H,O 
MnCl, - 4 H,O 
NH, VO, 
Nal 


TABLE 6. EFFECT OF ADMINISTRATION OF Mo, Mn, V AND F IN THE DRINKING 


WATER OF WEANING RATS ON FLUORIDE RETENTION IN THE FEMORA 


re . 
Administered Final F in femur 


90 days drink- weight Concentration Total 
ing water (g) (p.p.m.) (ug) 
Control 337+ 12* 135+ 67 4842 

50 p.p.m. Mo 326+ 10 126+2 44+1 

$0 p.p.m. Mr 3314-7 14143 4643 

10 p.p.m. V 330+11 136+3 48+2 

50 p.p.m 327+10 4420+ 146 1560 4-63 


wee 330-411 43204242 1520461 
50 p.p.m IWS Os Ae —” 


~Pee I1S+6 4360+ 125 1470+-99 
) 5 
50 p.p.m + IOS be t 


10 p.p.m -_ | mien 
$0 p.p.m 1948 4080+ 110 1450+ 32 


* Ash 
* Standard deviation 





EFFECTS OF SOME TRACE ELEMENTS ON FLUORIDE RETENTION AND DENTAL CARIES 


Tasce 7. EFFECT OF PRENATAL AND POSTNATAL ADMINISTRATION OF SODIUM 
SELENITE ON DENTAL CARIES IN THE RAT 


gain Mean No Extent of 
carious 


Se in wi 
drinking water Sex in carious 


120 days 120 days lesions* lesions 


33049 
Control 20747 
5 p.p.m 240+ 5 
Na,SeO, 17647 
10 p.p.m 220+ 18 
Na,SeO, 14843 86+ 1-1 2:8 25:243-2 


$3405 11-641-4% 


18-742 


* Sexes combined. 
t t-Values as compared with the control group 


t Standard deviation 


ADMINISTRATION OF SODIUM 


TaBLe 8. EFFECT OF PRENATAL AND POSTNATAI 
RAT 


SELENITE ON FLUORIDE RETENTION OF THE FEMORA IN THE 


Se in F in femur* 


: , N 
drinking water Concentration Total 
120 days (p.p.m.) (ug) 


Control 152+2t 52+ 17 


5 p-p.m - 
Na,SeO, 45+! 
10 p.p.m. 

. .. = 
Na,SeO, | 5+: 4142 


* Ash. 
+ Standard deviation 
DISCUSSION 
Difficulties arise in summarizing the literature reports of the effects of trace ele- 
ments other than fluorine on dental caries in rodents. Differences in species, strains, 
cariogenic diets, dosage levels and mode of administration make it nearly impossible 
to compare one study with another. Furthermore, in cases of effectiveness it is diffi- 
cult to decide whether the cation, the anion or the compound itself was effective. 


In the present study none of the trace elements, except for fluorine, was found to be 
effective in reducing dental caries in the rat. The combined administration of molyb- 
denum and fluorine was effective only if both elements were available during tooth 
formation and subsequently in the drinking water of the experimental animals. 
Similar effects of a synergism between molybdenum and fluorine were reported 
recently by Roserts (1961). The author administered molybdenum and fluorine at 
levels of 25 p.p.m. in the drinking water to weaning rats and found after 130 days 
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the highest caries reduction in those rats receiving both elements. Increased fluoride 


levels in the skeleton of rats receiving molybdenum as reported in the studies of 
STOOKEY and MUHLER (1959, 1960) and of Roperts (1961) were not found in our 
animals. In accordance with the findings of MUHLER (1957), vanadium administra- 
tion in the drinking water of weaning rats was ineffective in reducing dental decay. 
While manganese was shown to be effective in hamsters (MUNCH, 1958), no significant 
reduction of caries in the rat was observed by KRUGER (1959) and in the present study. 

The relation of selenium to dental caries susceptibility has been discussed re- 
cently (EprroriaL, 1959). Here it was pointed out that no conclusive statement can 
be made regarding a causative relationship between selenium and dental caries until 
studies are conducted of selenium administration during tooth development. The 
results of the present study indicate that selenium, if received during tooth devel- 
opment, enhances dental! decay in the rat. In experiments reported by WHEATCROFT, 
ENGLISH and SCHLACK (1951) and by MUHLER and SHAFER (1957) no cariogenic 
effect of selenium was observed; however, in these studies weaning rats had been 
used. It may be possible that selenium causes structural changes in developing dental 
hard tissues, as observed by ENGLISH (1949) in the teeth of dogs. Further investiga- 
tions in these laboratories are dealing with a more detailed evaluation of the mech- 
anism of selenium with regard to dental caries. 

If one considers the numerous discrepancies found in animal experiments dealing 
with the effect of trace elements on dental caries, one may conclude that, in all prob- 
ability, except for fluorine, none of the trace elements is of vital importance for 
preventive dentistry. On the other hand epidemiological caries studies in children 
indicate that at least molybdenum, vanadium and selenium should be studied more 
closely in order to reach a clear understanding of their mechanism in dental decay. 
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INTRODUCTION 


To HAVE practical value a caries-inhibitory agent must be effective against the 
attack of caries on the first permanent molar. Treatment for these teeth is ordinar- 
ily the prime service in a dental program for children. The nature and extent of 
inhibition of molar caries following fluoridation of the community water is, hence, 
a matter of first importance in any assessment of the practicability of this measure, 
but relatively few data of this type have been reported. Four years after fluoridation 
of the community water in Newburgh, New York, there was a definite increase 
in the numbers of caries-free first molars (Ast, FINN and Cuase, 1951). After 8 
years caries in these teeth had been reduced by half (Ast et a/., 1955). At the end 
of the 10 year term of study the evidence indicated that proximal surfaces of molars 
might have been somewhat better protected than occlusal surfaces (Ast et al., 1956). 
Twelve years after fluoridation at Evanston, Illinois, carious first molars had been 
decreased by about one-half in children aged 12-14 years, with lesions on proximal 
surfaces reduced by one-half to three-quarters (HILL, BLAYNEY and Wo F, 1961). 

This paper is a report of an independent study in Maryland. It is a description 
of patterns and magnitude of caries attack in permanent first maxillary and mandib- 
ular molars, in the mouths of children aged 5-15 years, 8 years after fluoridation 
of their domestic water. The study population, and methods employed, have been 
described in detail (RusseLt, 1956 a, b; Russett and White, 1959). All of the 
children reported upon were born in one of the two counties adjacent to the District 
of Columbia, and have lived in this area ever since. None of the children has received 
such caries-preventive treatment as the topical application of fluoride solutions. 
Their water was fluoridated with sodium fluosilicate to a level of 1-0 p.p.m. F in 
January 1952 and minimal enamel changes have been observed in a few of the 
younger children. Of the cases considered to be fluorosis about nine out of ten 
were classified as questionable, with the remainder in the very mild category. None 
were unsightly; virtually all changes were so slight as to be detectable only by an 
examiner skilled in the diagnosis of the condition. 


[50] 
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Inspections were made by a small and carefully-standardized group of examiners 
using mirror and explorer, under ample and uniform artificial light. The 8 year 
examinations described here were carried out in January and February 1960, and 
findings are compared with data from a similar examination made in January and 
February 1952. 


At the outset essentially all decayed, missing or filled permanent teeth in 


children 9 years of age or younger were first molars. For the entire age span of 5-15 


years, first molars comprised 60-7 per cent of all DMF teeth. Since fluoridation, 
total numbers of DMF teeth have been reduced by about two-thirds in children 


TasLe 1. DenTAL CARIES IN MARYLAND CHILDREN AT THE OUTSET, AND AFTER 8 YEARS 
OF FLUORIDATION 


Age at |: : Mean number of DMF* 
Age at last Number examined tt. on ie 
birthday teeth per chi 


(years) 1952 1960 1952 1960 


60 47 0-03 0-00 

171 243 0-41 0-09 

211 270 1-09 0-45 

181 246 1-90 0-57 

223 243 2:42 1-02 

10 199 226 3-09 1-69 
1] 191 227 4:39 2-41 
12 223 470 4-96 3-14 
13 233 503 6-15 4:27 
14 188 385 7:66 5:28 
15 65 140 8-57 5-80 


* Decayed, missing or indicated for extraction because of caries, or filled permanent teeth. 


who have used the fluoride water from birth, by about one-half in children 1-3 
years of age at the time of fluoridation, and by about one-third in children 4 years 
of age or older at that time (Table 1). This necessarily entailed sweeping reductions 
in the numbers of carious first molars. 


CARIES IN FIRST MOLAR TEETH 

Differences are most marked in children 5-8 years of age in 1960. These chil- 
dren were born after fluoridation. In 8-year-olds examined in 1960 about nine 
of ten maxillary first molars, and about five of six mandibular first molars, re- 
mained caries-free (Table 2). Nearly half of these teeth had been carious in the 
8-year-old group examined in 1952. Lesser differences were seen in children aged 
9-11 years in 1960, who first used a fluoride water during the calcification period 
of the first molar teeth; slight differences in children aged 12-14 years, who first 


4° 
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used a fluoride water after calcification but before eruption of these teeth: and 


somewhat greater total in children aged 15 years, whose water had been virtually 


free of fluoride until most of their first molars were in eruption and at risk of caries. 


Taste 2. CARIES-PREE FIRST MOLAR TEETH IN 1952 AND IN 1960 


Percentages of first molar teeth in 

— First fluoride eruption which were caries-frree 
* exposure, 

group 60 children Maxillary Mandibular 
. OV chiidare 


1952 1960 1952 1960 


100 100 100 
99 95 

S86 

R3 


lication 
i 


u 


Hication, 


re cruption 


eruption 


Taste 3. MEAN NUMBERS OF DMF FIRST MOLARS PER CHILD IN 1952 AND IN 1960 
Ace Maxillary first molar Mandibular first molar 
group 952 1960 Difference (°,) 1952 1960 Difference (°,) 


0-00 0-03 0-00 100 
0-02 0-27 0-07 
0-18 . 0-72 0-28 
0-22 1-05 0-33 
0-43 5 l 0-57 
0-72 3 l 0-88 
0-98 1-63 1-07 
1-14 1-5 1-33 
35 1-49 
1-65 


1-72 


Despite some fluctuation due to sampling error, mean numbers of DMF first 
molar teeth per child show essentially the same patterns (Table 3). There are marked 
differences between the 1952 and 1960 findings in children aged 5-8 years, lesser 


differences in children aged 9-11 years, and essentially none in children aged 13 


years oO! older. 
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CARIES IN FIRST MOLAR SURFACES 
When findings are computed for DMF first molar surfaces rather than teeth 
the differences between 1952 and 1960 are somewhat greater (Table 4), particularly 
at the intermediate ages. These differences in pattern are clearly evident when 
observed numbers are contrasted with the numbers of DMF first molar teeth and 


TABLE 4. MEAN NUMBERS OF DMF FIRST MOLAR SURFACES PER CHILD IN 1952 AND IN 1960 
Age Maxillary first molar Mandibular first molar 
group 1952 1960 Difference(%) 1952 1960 Difference (°%) 
0-00 0-00 0-00 100 
0-15 0-02 0-08 73 
0-44 0-21 0-35 
1-07 0-26 0-49 
1-48 0-60 0-87 
1-05 1:34 
1-47 1-97 
1-90 2! 2:71 
2-62 3-64 
3-29 ; 4:10 
401 5:29 


TABLE 5. EXPECTED AND OBSERVED NUMBERS OF DMF FIRST MOLARS 
AND DMF FIRST MOLAR SURFACES IN THE 1960 STUDY GROUP 


Age group Number expected Number observed Difference (’,) 
DMF first molar teeth 


849 280 
1757 1071 
4161 3806 

4%6 463 


DMF first molar surfaces 


1095 360 
3297 1675 
10,060 8168 
1124 1301 


surfaces which would have appeared had the 1952 attack rates persisted without 
change (Table 5). In children aged 5-8 years caries totals have been reduced by 
about two-thirds according to either method of estimation. In children aged 9-11 


years, however, 39 per cent fewer DMF teeth are affected in 49 per cent fewer 
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surfaces. In children aged 12-14 years a negligible difference in numbers of DMF 
teeth is associated with a difference of practical significance—19 per cent—in the 
numbers of DMF surfaces. Children aged 15 years in 1960 showed evidence of 
caries experience somewhat higher than their 1952 counterparts by either method 
ol assessment 

Caries was active principally in pit and fissure areas in children aged 5-8 years 
in 1960. In these children occlusal lesions, with or without extension into the lingual 
pit, made up 98 per cent of carious surfaces in maxillary first molars. Occlusal 
lesions with or without extension into the buccal pit made up 92 per cent of carious 


Taste 6. EXPECTED AND ORSERVED MEAN NUMBERS OF DMF FIRST MOLAR SURFACES PER 
CHILD, 1960 


A ge Children usal Lingual Buccal Mesial Distal All surfaces 


group examined O+ E* OF E* OF E* OF E* 


Maxillary first molar 


006 002 003 000 0-00 
025 O18 ' 022 006 0-08 
047 044 O31 024 0-40 
046 O71 034 OSO 0-75 


Mandibular first molar 


806 016 003 OO O18 O11 003 OO! 0-01 O85 029 
696 076 028 009 063 O34 O42 O11 008 291 1:38 
1358 142 O51 034 O89 O75 O85 O57 038 444 345 
15 140 . 168 067 O74 103 106 O95 1-05 076 494) 5-29 


* Mean numbers which would have been observed had the 1952 attack rates persisted without 
change 


t Mean numbers actually observed 


surfaces in the mandibular first molar (Table 6). These taken together averaged 
1-22 DMF surfaces per child in 1952 against 0-42 per child in 1960, a difference 
of about 66 per cent. A substantial inhibition of caries in these surfaces—from 
a mean of 3-24 per child to a mean of 1-95, or about 40 per cent—was seen in 
children aged 9-11 years. Observed and expected means for these pit-and-fissure 
surfaces were essentially the same in children aged 12 years or older. 

In proximal surfaces, however, together with areas in which caries usually 
attacks a smooth surface—the buccal surface of the maxillary and the lingual surface 


of the mandibular first molar—there was evidence of a useful inhibition up to the 


age of 14 years. In children aged 12-14 years there was an average of 2:12 DMI 


smooth surfaces per child against an expected mean of 3-07—a difference of 31 per 
cent, or a saving of 1293 surfaces in the 1358 children examined. There were fewer 
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DMF pit-and-fissure surfaces in this group by only about 9 per cent. First fluoride 
exposure in these children came after calcification of the first molars was complete, 
but before these teeth had erupted. 

No inhibitory effect of any sort could be demonstrated in children aged 15 
years, i.c. those in whom most first molars had erupted and were at risk of caries 
before fluoride was first added to the domestic water. The 1960 means are, in fact, 
uniformly higher than those seen in 1952. But comparison on this basis is limited 
to the sixty-five children 15 years of age who were examined in 1952 and, against 


this narrow base, the observed differences are well within sampling error limits. 


DISCUSSION 

Studies based upon this general design—the “before and after” type—have 
sometimes been questioned on the grounds that conclusions are post hoc and lacking 
in control. In this instance excellent internal control has been provided by teeth 
in eruption at the time of fluoridation. Analyses from time to time have shown 
that such teeth have continued to decay, throughout the term of study, at rates 
equal to or somewhat higher than those observed in 1952 (RUSSELL, 1956b, RUSSELL 
and Wuirte, 1959). This continues to be true of first molars in children aged 15 
years in 1960. It is clear that no unknown factor, such as a dentifrice or a change 
in diet or oral hygiene, has reduced caries in teeth actually standing in the mouth 
over the course of this study. 

In sharp contrast, DMF means for first molar teeth and surfaces of children 
aged 5-8 years in 1960 are substantially lower than those seen in children of the 
same age in 1952. Further, these teeth are continuing to decay at rates drastically 
lower than those observed at the outset of the study. In 1952, for example, occlusal 
surfaces of mandibular first molars in children aged 5-8 years were decaying at 
the rate of about 22 per cent of available surfaces per year, i.e. in the course of any 
one year about 22 per cent of mandibular occlusal surfaces, caries-free at the outset, 
would become carious. The 1960 attack rate in this surface, in children of these 
ages, is about 5 per cent. This is a difference (Table 7) of about three-quarters; 


TABLE 7. CARIES ATTACK RATES IN PERMANENT FIRST MOLARS, 1952 AND 1960, 
CHILDREN AGED 5-8 YEARS 


Difference 
(*%) 


1960 


Maxillary first molar 
All surfaces 


Occlusal surfaces 


Mandibular first molar 
All surfaces 
Occlusal surfaces 
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about the same reduction in attack rates has occurred in maxillary first molar 
occlusal and total surface. The reduction in the total mandibular surfaces attack 
rate is somewhat smaller, due principally to the persistence of caries in the buccal 
pit, but this rate is about two-thirds less than the rate in 1952. There is no indi- 
cation in these data that the inhibitory effect will be attenuated with the passage 
of time 

Techniques used in this estimate of caries attack rates are inapplicable to older 


children examined in 1960, since uniformity of experience between independent 


groups is assumed. Caries rates are still dropping in cohorts of children aged 9 


years or older in 1960 (RusseLL and Wuirte, 1959). 


SUMMARY 


After 8 years use of a fluoridated water: 

(a) Children aged 5-8 years, with use of a fluoridated water from birth, appar- 
ently exhibit the ultimate degree of inhibition. Numbers of DMF first molar teeth 
and surfaces were about two-thirds lower than in children of the same ages at the 
beginnings of fluoridation. Of the restorations still required by this group, about 
nineteen out of twenty were pit-and-fissure fillings. Their teeth continue to decay 
at rates about three-quarters less than those observed in children of these ages 
before fluoridation was begun. 

(b) There was a considerable inhibition of first molar caries in children aged 
9-11 years, with first use of a fluoridated community water during the calcification 
period. They exhibited about 40 per cent fewer DMF first molar teeth, and about 
49 per cent fewer DMF first molar tooth surfaces, than children of the same ages 
at the outset of fluoridation. 

(c) Children aged 12-14 years, with first fluoride exposure after calcification 
but prior to eruption of the permanent first molars, showed about the same caries 
experience in pit ead fissure areas as children of the same ages before fluoridation, 
but caries in sm vvth surface areas was less by about 31 per cent. 

(d) No inhibition could be demonstrated in the small group of children aged 


15 years. Most of their first molars were in eruption and at risk of caries before 


fluoridation of the community water. 
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PROBLEMS OF RECORDING AND SAMPLING 
IN CLINICAL INVESTIGATIONS OF CARIES 


E. WELANDER 


Royal Dental School, Stockholm, Sweden 


Abstract—In the statistical analysis of the results of clinical caries investigations 
the method of registration and the choice of observation unit cause a great many 
difficulties. In recent years attention has been paid to the method error which may 
be both random and systematical 

It is obvious that statistical methods assume a central importance in the study 
of odontological problems, and applied to clinical investigations of caries the statis- 
tical analysis shows typical features. The natural observation unit in caries registra- 
tion is the tooth or the surface, while the sampling unit usually is the individual (the 
whole dentition). The statistical analysis must, therefore, take into account the inter- 
dependence between the observation units (the teeth). This is most easily effected by 
calculating a caries index for each subject, expressed for example in DMF teeth or 
in the number of intact teeth. It should, however, be pointed out that the accuracy of 
different caries indices is more or less unreliable, since they are affected by such 
factors as previous dental care 

In certain types of investigation the question of sampling may be even more 
complicated, e.g. in studies of the effect of caries inhibiting agents. In such investiga- 
tions it is not unusual that the case material consists of children from different schools 
The question then arises whether the child or the school should be considered as the 


observation unit. There is a possibility that children from one school present a caries 


status quite different from that shown by children from another school. If that is the 


case there would be a certain interdependence between children from the same school, 
a circumstance which must be taken into account when applying the analysis of sta- 
tistical significance 
Zusammenfassung— Bei der statistischen Analyse der Ergebnisse von klinischen Ka- 
riesuntersuchungen verursacht die Protokollierungsmethode und die Auswahl der 
Beobachtungsgruppe grobe Schwierigkeiten. In den letzten Jahren wurde dem metho- 
dischen Fehler, der sowohl zufallig wie auch systematisch sein kann, Beachtung 
geschenkt 

Es ist offensichtlich, daB statistische Methoden eine zentrale Bedeutung bei 
odontologischen Problemen haben. Auf die klinischen Untersuchungen angewandt, 
zeigt die statistische Analyse typische Grundziige. Die natiirliche Beobachtungseinheit 
bei der Kariesregistrierung ist der Zahn oder dessen Oberflache, wahrend die Stich- 
probeneinheit im aflgemainen der Patient ist (das ganze Gebi®B). Die statistische Ana- 
lyse mul deshalb die gegenseitige Abhangigkeit der beiden Beobachtungswerte be- 
rlicksichtigen. Das geschieht am einfachsten durch die Berechnung eines Kariesindex 
fiir jede Person, z.B. in Form des DMF -Wertes oder ausgedriickt durch die Zahl der 
gesunden Zahne. Man sollte jedoch darauf hinweisen, daB die Genauigkeit der ein- 
zelnen Kariesindices mehr oder weniger unzuverlassig ist, da sie durch Faktoren wic 


die Zahnpflege beeinflubt wird 


(58) 
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Bei gewissen Untersuchungsarten ist die Frage der Stichprobenauswahl sogar 
noch komplizierter, z.B. bei Untersuchungen iiber den Effekt von karieshemmenden 
Substanzen. Bei solchen Untersuchungen ist es nicht uniiblich, daB das Material aus 
Kindern verschiedener Schulen besteht. Es erhebt sich dann die Frage, ob das Kind 
oder die Schule als Beobachtungseinheit betrachtet werden soll. Es besteht die M6- 
glichkeit, das Kinder einer Schule einen anderen Kariesstatus zeigen wie Kinder 
einer anderen Schule. Wenn das zutrifft, gabe es eine gewisse Gemeinsamkeit der 
Kinder einer Schule, ein Umstand, der in Betracht gezogen werden muf, will man 
eine Analyse der statistischen Signifikanz durchfihren. 


INTRODUCTION 
DuRING the last decade there has been a vigorous intensification of work in all 
branches of caries research. 

In the field of caries statistics praiseworthy attempts have been made in some 
quarters to create some acceptable order in the technical terminology and to work 
out suitable statistical methods for scientific caries research. These attempts have 
not always brought us any nearer to the solution of the problems, and we have 
to face the fact that there still remains much to be done in this field. 

As regards the technical terminology appertaining to the clinical diagnosis of 
caries the sub-committee on standardization of caries recording methods, F.D.lI., 
has presented us with an international programme. It is obviously a great advantage 
for future work to have obtained standard terms covering the various conceptions 
of caries. This is not sufficient, however, and does not mean that statistical investi- 
gations of caries from now on will give the desired results with any greater accuracy 
than hitherto. The real problems are in fact encountered when one actually 
launches out on scientific caries investigations. 

In our attempts to solve caries problems the statistical method naturally assumes 
a central position. In planning investigations it is therefore necessary to study the 
special demands which have to be made, firstly on the planning of the investigation, 
and secondly on the analysis of the results. It must be quite clear what general 
conclusion are to be expected and what difficulties might arise in the interpretation 
of the results. 

It must also be clear what special demands are to be considered in the planning, 
depending on whether the investigation is to be descriptive or analytical, in the 
same way as in static or dynamic analysis. In the planning it is also important to 
know what methods of statistical analysis are available and to have a clear idea 


of how to carry out the statistical analysis of the material—this may be done by 
making up so-called blind Tables. Time does not permit a deeper penetration into 
detail, and I will confine myself to two main points: 


(1) The method error in caries recording and some aspects of its consequences 
in the planning of the research work; 


(2) The choice of units for recording and statistical analysis of significance. 
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THE METHOD ERROR IN CARIES RECORDING AND SOME ASPECTS 

OF ITS CONSEQUENCES IN THE PLANNING OF RESEARCH WORK 

In caries recording the method error is apparent in instances where two dentists 
have recorded the caries status of the same patient at about the same time. The 
error is shown up by different degrees of deviation between the recordings of the 
same tooth. Judging from the reported results of clinical investigations the method 
error has not been sufficiently considered, though it ought to be well known in 
these days (GyTHFELDT, 1938; Rapuscnu, 1941; BERGGREN and WELANDER, 1960b). 
There still seems to be an adherence to the misleading opinion that a levelling-out 
of the method error will take place if the case material is sufficiently large. This 
opinion would be justified ifthe method error in caries recording were only a chance 
happening. This does not, however, seem to be the case. In an investigation which 
will be described below, the method error was proved to be systematic. This means 
that some examiners always made too few recordings, others too many, in relation 
to the mean number, and the terms “over-recorder” and “under-recorder” there- 
fore seem to be justified. 

The question of the method error was studied in great detail in an investigation 
carried out at school dental clinics in Stockholm. In connexion with the clinical 
investigation which is being carried out at ten schools in Stockholm for the purpose 
of establishing the effect of topical application of various fluoride compounds, 
a study of the recording error was also made in order to ascertain how the ten school 


dental officers participating in the investigation differed in their manner of record- 


ing carious lesions. In this study the ten dentists examined the same ten patients, 


all 10 years of age. The recording was done at the Department of Pedodontics at 
the Royal School of Dentistry in Stockholm, the examiners working under identical 
conditions. Their findings were noted on special charts by the nurses assisting them. 
As was expected there were considerable differences in the manner of detecting 
and recording caries. It should be pointed out that of the first five patients in 
Table |, for special reasons only one half of the dentition was recorded. 

Table | shows the number of teeth with primary lesions recorded by the ten 
examiners. The figures in the bottom line show a range from 11 to 26. If the surface 
was used as the observation unit instead of the tooth, a still wider dispersion was 
found, as seen in Table 2. 

In a clinical investigation with probe and mirror it is often difficult to detect 
incipient caries or very small lesions on surfaces not easily accessible owing to 
adjacent teeth. It is equally difficult to decide whether a fissure is carious or not. 
In order to make a closer study of the recording of fissure caries only this type 
of caries was entered in Table 3. 

This Table shows that there were also large discrepancies between the figures 
given by the different examiners in the case of fissure caries only (lowest 1, highest 


8 cavities). 





PROBLEMS OF RECORDING AND SAMPLING IN CLINICAL INVESTIGATIONS OF CARIES 


TABLE 1. NUMBER OF TEETH WITH PRIMARY LESIONS RECORDED BY TEN EXAMINERS 
Examiner 
Vi 


Patient 


—_—e ww Uw 


10. 


No. of teeth with 
primary lesions 26 26 11 22 19 


TABLE 2. NUMBER SURFACES WITH PRIMARY LESIONS RECORDED BY TEN EXAMINERS 


Examiner 


Patient 
lil IV \ VI Vil Vill IX 


). 
K. 
i De 
No. of surfaces 
with primary lesions 16 27 31 12 26 23 20 


L. 
- 
i & 
E. ¢ 
E. 


TABLE 3. NUMBER CARIOUS FISSURES RECORDED BY TEN EXAMINERS 
Examiner 


Patient 
Il V VI Vil Vill IX 


10. S. S. 
No. of teeth with 
fissure caries 


— NMwN WN 


a 
~~ 


~) 
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Five of the ten examiners recorded five fissure cavities each which might have 
indicated close agreement had it not been for the fact that the cavities were 


recorded in different teeth (Table 4). 


TaBLe 4. DISTRIBUTION OF FISSURE CARIES ACCORDING TO TOOTH 


Examiner 


Patient 
\ Vi 


In order to improve the clinical examination with probe and mirror the use of 
X-ray examination has been proposed. Earlier investigations (LUNDBERG and 
MARKEN, 1958) have shown, however that also in X-ray examinations there is an 


observation error. To ascertain how the ten school dental officers differed in their 


interpretation of the X-ray pictures, a special study was made. Full mouth roent- 


genograms of five of the patients were studied by the examiners with regard to 
carious lesions. The results are shown in Table 5 which makes clear that the dentists 
differed greatly in their interpretations. The range is from 2 to 19. 


Taste 5S. NUMBER OF CARIOUS LESIONS RECORDED BY TEN EXAMINERS FROM FULL MOUTH 
ROENTGENOGRAMS OF FIVE PATIENTS 


Examiner 


V Vi Vil 


Patient 





PROBLEMS OF RECORDING AND SAMPLING IN CLINICAL INVESTIGATIONS OF CARIES 63 


For a closer study of the differences between the ten examiners as to their manner 
of recording caries, an analysis of variance was carried out (F-test). The diverse 
number of decayed surfaces per individual and per examiner was studied (Table 6). 


TABLE 6. ANALYSIS OF VARIANCE WITH REGARD TO DECAYED SURFACES 


Source of Degrees of Sum of Mean of 
variance freedom squares squares 


Examiner 39-69 4-41 3-2119* 
Patients 245-29 27-254 19-8502*** 
Rest 111-21 1-373 — 


Total 396°19 


The material was derived from Table 2. The F-values in Table 6 show that the 


differences between the findings of the participating dentists were significant. This 


implies that the differences were systematical and also that, in a comparison of the 
average figures, some dentists are “over-recorders” and others “under-recorders”’, 
A similar result is obtained from the analysis of the data in Table | (Table 7.). 


TABLE 7. ANALYSIS OF VARIANCE WITH REGARD TO DECAYED TEETH 


Source of Degrees of Sum of Mean of 


variance freedom squares squares 


Examiner 31-25 34722 3-02246** 
Patients 222-45 24-7167 21-51523*** 


Rest 93-05 1-1488 


Total 346-75 


In the next analysis of variance (fissure caries, Table 8) the F-value does not, 
however, reach the level of significance. This does not mean that there were no 
differences between the findings of the examiners. The low F-value was most likely 
due to the limited extent of the material. 


TABLE 8. ANALYSIS OF VARIANCE WITH REGARD TO FISSURE CARIES 


Source of Degrees of Sum of Mean of 
variance freedom squares squares 


Examiner 4-16 0-46222 1-507 
Patients 25:96 2:88444 9-40568*** 
Rest ’ 24-84 0-30667 


Total 54-96 
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The results presented in Table 5 were also subjected to an analysis of variance 


(Table 9). 
Taste 9. ANALYSIS OF VARIANCE WITH REGARD TO THE RECORDING 
~~ CARIES ON FULL MOUTH ROENTGENOGRAMS 


Source of Degrees of Sum of Mean of 


variance freedom squares squares 


48:1 
236-6 


Examiner 
Patients 


Rest 113-8 


Tota 398 5 


As may be seen in Table 9 the F-value does not reach the level of significance. 
This is surprising considering the very great deviation in the number of recorded 


lesions shown in Table 5. A closer study of Table 5 makes it evident, however, 


that the examiners with the highest total figures do not record top figures for all 
patients throughout. In other words, they are not systematical “over-recorders”. 
The purpose of the analysis of variance was to establish whether the difference in 
recording, as carried out by different examiners, was due to systematical error or not. 

The large error in caries recording may be attributed to a number of concurrent 
In the first place it must be realized that there is no foolproof definition 


factors 
The adequacy and efficacy of our technical aids are also 


of the term clinical caries 
of great importance. The human factor constitutes a highly irrational factor. The 
ability of different examiners to detect or evaluate a carious lesion has been dealt 
with earlier. Added to the individual difference in recording caries, the fatigue 
factor may also be of decisive importance. 

In appraising the consequences of the differences in recording by different 
examiners there is reason to make a distinction between two types of investigation: 
(1) Descriptive studies, e.g. cross-section studies, the aim of which is to obtain 
a mean value for a population, for example the number of carious teeth or 


tooth surfaces per person; 
Comparative studies such as comparisons of the development of caries in two 
different groups, one treated and the control group not treated, or comparison 
of the caries status in two different races or the two sexes. In such studies the 
point of interest is the difference between the mean values of the two groups. 
If only one examiner is employed in a descriptive study there is the risk that 
he may be a typical “over-recorded”, or the opposite, and the mean value will be 


quite misleading, systematically too low. The systematical error will obviously not 
be reduced by increasing the investigated material. An increase would be an advan- 


tage only in so far that sampling errors will be reduced. 
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In a comparative study the results will not be affected to the same extent if the 
same examiner is used in both groups. An “under-recorder” will of course obtain 
too low values in both groups but in comparing the values the systematic errors 
will mainly cancel each other. 

If more than one examiner is employed in investigations of the descriptive type 
the situation is more hopeful. To meet with two typical “over-” or “under-recorders” 
at the same time is fairly improbable, and there is also the possibility of comparing 
the mean values obtained by both examiners. A great difference between the mean 
values would be an indication that at least one of them must be an “over-recorder” 
or “under-recorder”’. This argument holds good regardless of whether the examin- 
ers have made recordings of the same patient (duplicate recording) or each exam- 
iner has recorded every other patient, or made a random selection out of the 
whole case material. 

There is a certain advantage in employing several examiners in comparative 
studies as well as in descriptive studies, regardless of the method of recording. It is, 
however, definitely inadvisable to assign one whole group to each examiner, the 
treated group to one and the control group to the other. If this were done, the differ- 
ences between the groups might be attributed to the systematic deviations between 
the two examiners and not be a definite expression of the effect of the treatment. 

In planning clinical investigations of caries there is usually a certain limit to the 
funds available and it is therefore necessary to consider which measures are the 
most expedient and possible to carry out. 

In a very simple pattern situation it is at least possible to decide on a criterion 
of successful planning. If the purpose of the investigation is limited to a comparison 
of the effect of two caries-inhibiting agents with the view only to find out which 
agent has the greater effect and not how much greater, then the investigation is 
simply planned for establishing the difference between the mean values for the 
treated group and the control group. The difference is then subjected to statistical 
analysis of significance. When the investigation has to be planned within certain 
financial limits it is of course to the greatest advantage to employ a method of anal- 
ysis which will most decisively establish significance in preference to a method by 
which vague or no significance is obtained. The significant differences must be attrib- 
utable, however, to the effect of treatment and not to the errors of recording. The 
following example may be given: The purpose of an investigation is to study the 
effect in children of two caries inhibiting agents. The recording may comprise the 
entire dentitions, and in order to keep the expenses within the given limits, the inves- 
tigation must be limited to fifty children in each group. At the same cost one half 
of the dentition may be recorded in eighty children (partial recording) per group. 
The correlation between total and partial recording is very high, r = 0°96 (WELAN- 
DER, 1959). This means that if there are any real differences between the caries inhib- 
itors the possibility of securing significance is considerably greater when applying 
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partial recording, since the number of independent units for analysis is in the ratio 
of 80/50. 

The efficacy of the planning may also depend on other factors. Those that may 
be considered as possible to vary are: 

(1) Number of patients. Increased case material should give a greater possibility 
of establishing an effect of the treatment; 

(2a) Number of examiners taking part; 

(2b) Number of examiners per patient (single or duplicate recording); 

(3) Number of recorded teeth or surfaces per patient (partial or total recording); 

(4) Technique of recording (examination with probe and mirror only or supple- 
mented by X-ray and previous cleaning up of the dentition). 

When the costs of the investigation are fixed beforehand these four points will 
have to be balanced against one another. If each patient is to be recorded in duplicate 
the number of patients will have to be reduced. If the whole dentition is to be 
recorded, as apposed to partial recording, it is also necessary to cut down the 
number of patients. In order to make the most profitable balancing it is necessary 
to be fully informed of: 

(a) The cost of total recording of a patient carried out by one examiner, and the 
cost of duplicate recording by two examiners; 

(b) The cost of partial and total recording of one patient when supplementary 
X-ray is used; 

(c) Correlation between partial and total recording; 

(d) Systematic differences between examiners and between purely clinical and clin- 
ical-radiographical examination. Disparity between different examiners in 


recording the Same patient groups; 


The disparity between patients as regards the prevalent caries variate (so-called 


biological variation). 

These data are required for the calculation of significance. It would take too 
much time, however, to enter into details here of how these data are used. At present 
there are unfortunately only isolated reports obtainable of the costs and variations 
which I have mentioned. 

Experience from research in other fields shows that there is a great deal to be 
gained by devoting greater attention to the actual planning of investigations. 

In this connexion the question of record notes should also be touched upon. 
The sub-committee on standardization of caries recording methods have worked 
out their proposals in which they recommend that the records are made on a so- 
called tooth-diagram, and it is pointed out that anatomical diagrams would give 
the best results. The diagram being anatomically correct would enable the examiner 
to draw a picture of the actual extent of the cavity. As the examiner himself has to 
make this drawing and thus cannot rely on an assistant, much time is lost. It may 
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also be asked which caries problems are so simple that this method of recording is 
fully satisfactory? In a study of the development of untreated caries it is of course 
useful to have correct knowledge of the extent of each cavity, but the question is 
whether it is possible to obtain this knowledge from a drawing of the surface expanse 
of the cavity without any indication of its depth. Instead of anatomical diagrams 
the so-called Moulage system would seem to offer greater possibilities, the system 
being devised for a qualitative as well as a quantitative evalutation of each cavity. 

Experience has further proved that in large-scale statistical investigations of car- 
ries all modern technical recording aids such as machines for data recording on 
perforated cards ought to be used in order to save time and ensure accuracy. All 
record data are transferred to perforated cards, and the filing, tabulation, etc., are 
performed electrically. For a simple transfer of caries data a dental card should be 
used on which the records can be entered for each tooth and each surface, the card 
being in a suitable tabular form. The recording is carried out in the way shown in 
Fig. 1. 
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THE CHOICE OF UNITS FOR RECORDING AND STATISTICAL 
ANALYSIS OF SIGNIFICANCE 

In using the mathematical-statistical equation complex which is used in the 
elucidation of intricate caries problems it is necessary to consider the premises for 
those equations. The method of statistical analysis of significance which is most 
commonly used is based on the presumption that the various units for analysis are 
independent of each other. This implies that the unit of recording (the tooth or the 
surface) is not identical with the unit of analysis (the individual person). One con- 
sequence of this is that the individual must be chosen as the unit of analysis. In other 
words, the extent of caries prevalence must be calculated for each individual. 

The natural recording unit in clinical studies of caries is the tooth or the surface. 
When the observations are recorded and put together a description may be made 
in different ways. We may, for instance, record the number of carious surfaces as 
a percentage of the total number of existing surfaces or state the quotient of the 
carious surfaces and the total number of surfaces in the examined group. When 
going a step further and calculating confidence intervals or carrying out analysis 
of significance, the problem arises of how many independent units are to be reckoned 
with. It is accepted as a general rule that the number of independent units does not 
exceed that of the primary sampling units, namely the number of individuals. This 


leads to certain practical consequences in the account of the results if confidence 


intervals are to be calculated, since the unit for analysis is always the individual and 
not the tooth. The method to follow then will be to record the number of intact 
teeth per patient or to use one of the accepted caries indices such as DMFT or DMFS. 
The index is recorded for each patient, whereafter mean values and disparity are 
calculated for the whole group. 

The recordings of 2800 teeth in 100 persons thus means that there are only 100 
independent units of recording, not 2800, that is to say the same number of units 
of recording as if only one tooth had been examined in each person. 

It must be borne in mind that unfortunately the accuracy of the caries indices 
is not what it ought to be, since the indices are influenced by factors such as condi- 
tions of previous dental treatment. By way of illustration, let us take a set of iden- 
tical twins who differ only in the way that dentistry has been applied. In one twin 
teeth with primary lesions have been extracted while in the other twin the cavities 
were filled immediately on appearance. If the number of caries-free teeth is recorded 
as an expression of the caries status of the patient, it may be assumed that the sus- 
ceptibility of the other teeth will be lower for the twin whose teeth were extracted; 
in him the tendency for caries-free teeth will be greater than in the other twin whose 
carious lessions had been replaced by fillings. 

From this example it is apparent that the caries indices of either type do not 
eliminate the differences in dental treatment; the accuracy of the caries index is 
therefore fictive. Comparisons of the dietary practice in different population groups 
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indicate that there is no standardized term for denoting dental treatment. Any 
effect of dietary factors on the dental status may thus be masked by dental treat- 
ment. The same applies when the caries status is expressed as the total number of 
caries-free teeth. In an analytical investigation the caries measure may be influenced 
by irrelevant factors. 

The question of units for analysis and sampling may become a crux in another 
connexion. Studies of the effect of caries inhibiting agents are commonly carried 
out on school-children, the material often comprising children from different schools. 
In the recent investigation of the effect of supervised tooth brushing with a sodium 
fluoride solution, the control material consisted of children of certain ages from 
ten schools, all situated in Stockholm, as were the test schools. 

A survey of the percentage of intact teeth showed fairly great variations, and the 
question presented itself whether these variations were merely chance phenomena 
or whether the school and school environment were responsible for the caries status 
of the children from each school. If there is a definite relation between the children 
of the same school we must use the school and not the child as the unit for statistical 


analysis, in accordance with our previous conclusions. 

The child may be used as the unit if the percentage of caries-free teeth in the 
ten control schools shows a standard mean deviation of a value compatible with 
the hypothesis that the ciuildren of the ten schools might constitute ten samples of 


the same population. 

The statistical analysis proved that the difference between the schools with re- 
gard to the relative rate of caries-free teeth was significant; the difference was actu- 
ally so pronounced that it could not be considered a mere chance. There seemed 
to be a similarity between the children of the same school. Thus we had to use the 
school and not the child as the unit. In studies of this kind it is therefore to be re- 
commended that groups to be compared with each other are selected from the 


same school. 
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RELATIONSHIP OF OCCLUSION AND ORAL 
CLEANLINESS WITH CARIES RATES 


J. MILLER 


Turner Dental School, Bridgeford Street, Manchester 15, England 


Abstract—In 700 12-year-old children gingival conditions were related to occlusion; 


the following levels of healthy gingival conditions were found: 
(1) in children with a normal occlusion 27 per cent had healthy gingivae, 


(2) in children with a malocclusion 14 per cent had healthy gingivae 

In the same group of children regular toothbrushing—at least once per day 
was associated with better gingival conditions in children with either a normal or 
abnormal! occlusion. Average DMF rates were found to be higher with regular tooth- 
brushing than with irregular or no toothbrushiag—the difference gave a figure for P 
less than 0-05. Relating occlusion to caries children with a malocclusion had higher 
DMF rates than children with a normal occlusion—the difference was not significant 
at age 12 years; but comparison of caries rates and occlusion in 268 children aged 14 
years showed that 157 children with normal occlusion had an average DMF of 8-27 
and 113 with a malocclusion had an average DMF of 9-49; this difference was more 


than three times the siandard error. 


Zusammenfassung—Bei 700 12 Jahre alten Kindern wurde der Gingivazustand zum 
BiB in Beziehung gebracht. Es wurden folgende Verhiltnisse gefunden: 

1. 27 Prozent der Kinder mit normalem Bif hatten gesunde Gingivae 

2. 14 Prozent der Kinder mit anormalem Bib hatten gesunde Gingivae 

Bei der selben Kindergruppe war regelmaBiges Zahneputzen (wenigstens einmal 
pro Tag) mit gesiinderen Gingivae verbunden, und zwar sowohl bei den Kindern 
mit normalem Bi wie bei denen mit anormalem Bif. Die durchschnittlichen DMF- 
Werte waren bei regelmifbigem Zahneputzen hodher als bei unregelmadbigem oder 
keinem Zihneputzen. Der Unterschied ergab eine Zahl fiir P, die unter 0,05 lag. 
Wenn man die Bifstellung zur Karies in Beziehung setzt, so hatten Kinder mit anor- 
malen Bif héhere DMF-Werte als Kinder mit normalen Bib. Der Unterschied war 
im Alter von 12 Jahren nicht signifikant, aber der Vergleich von Kariesbefall und Bib 
bei 268 Kindern im Alter von 14 zeigte, daB 157 Kinder mit normalen Bib einen durch- 
schnittlichen DMF-Wert von 8,27 hatten und 113 mit anormalen Bib einen durch- 
schnittlichen DMF-Wert von 9,49. Dieser Unterschied itibertrifft die Standardab- 


weichung um mehr als das dreifache 


INTRODUCTION 
MANY clinical surveys have confined themselves to only one aspect of dental dis- 
ease; some have reported on more than one dental condition but few considered 
the interrelationship of dental conditions. It has been shown (MILLER, 1960) how 
comparisons of caries rates could be misleading when they were based solely on 


[70] 
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DMF rates and did not consider the number of erupted teeth. Fig. 1 shows the 
average DMF in the first permanent molar of 6 year old children between 1950 
and 1958. It would appear from this that the average DMF has fluctuated greatly 
and reached a level in 1958 almost twice that in 1950. If we relate this average DMF 


“ 





. -" 


1950 1955 1958 





Fic. 1. Average DMF per 100 children aged 6 years (first permanent molars only). 


to the percentage of first permanent molars that are erupted (Fig. 2, line b) it is 
seen that the DMF is similar to the percentage of teeth erupted. If from these is 
found the percentage of erupted first permanent molars that are carious (Fig. 2, 
line c) it will be seen that there is much less fluctuation in caries rates—the assess- 


100; 


— 


1950 1955 1958 








Fic. 2. Relationship between Average DMF, eruption of the teeth and percentage of teeth carious 
at age 6 years (in first permanent molars): a=Average DMF; b= Percentage of first permanent 
molars erupted; c=Percentage of erupted first permanent molars that were carious. 


ment made solely on average DMF so reflects more the change in the eruption of 
teeth than a change in the caries attack. Treatments which could influence the erup- 
tion of teeth could thereby influence the carious attack and lead to false conclusions 
of the effect of the treatment. 

In this report it will be shown how the occlusion may influence not only the 


incidence of gingival conditions but also caries rates; also the effect of oral clean- 
liness on both gingival conditions and on dental caries will be shown. 
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These findings are based on more than 10 years continuous observation of the 
pupils of three Manchester schools, aged 3-15 years and numbering at any one 
time 1200. The schools were situated in a poor area of Manchester and few children 


had received any dental treatment before attending. 
STANDARDS OF DIAGNOSIS 


General 
All examinations were made in the dental school; the patient being in a dental 


' 


chair and the mouth illuminated by Anglepoise lamp of not less than 60 W. The 


teeth were examined dry after previous complete cleaning by a hygienist. 


Malocclusion 
Malocclusion was diagnosed and classified according to ANGLE (1907) and the 
results are presented to show the incidence of: 
Normal occlusion 
Class | 
Class Il 
Class Ill 


| Malocclusion 


Caries 
All examinations were made with a replaceable probe (MILLER and ATKINSON, 
1951), each replaceable probe point being used for not more than seven examina- 
tions. The minimum lesion which was recorded as caries was 
(1) In pits and fissures—when the probe stuck in a fissure and required a definite 
pull for removal; 
(2) In proximal surfaces—when by means of the probe Ash 12, a break in the sur- 
face of a tooth was detected 
Examinations were made once every 6 months and followed a set routine of 
procedure (JACKSON, 1950). The examinations were arranged to coincide with the 


month of the child’s birthday to reduce age variation 


Gingival conditions 
The gingival condition was assessed as: 
Good—normal healthy pink mucosa with stippling; 
Fair—loss of stippling—marginal redness of the gingivac; 


Poor—acute or chronic inflammation regardless of extent or site 


Oral cleanliness 

The children were brought in for examination direct from the schools by a mem- 
ber of the hospital staff. The children never had prior warning that they might be 
examined on any particular day—it was possible by this means to examine the 
standard of oral hygiene that prevailed normally. Prior warning of a dental appoint- 
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ment often stimulates a patient to a standard of oral hygiene temporarily higher 
than that which pertains during most of the inter-appointment period. The standard 
of oral cleanliness was assessed by questioning the patient and by the evidence of 
the intraoral examination before routine cleaning; if the reply from the patient indi- 
cated a more regular oral cleanliness regime than the appearance of the teeth sub- 
stantiated, then the evidence of the intraoral examination was preferred. Oral clean- 
liness was classified: 

Regular—toothbrushing once a day—clean teeth without attached food debris; 

Irregular—tocthbrushing less than once a day; 

None—no toothbrushing. 

During the 10 years a total of 5000 different children have been examined and 
over 20,000 examinations made. 
Significance 

A difference between two findings has been considered significant when the 
difference between the mean or proportions was more than two and a half times 
the standard error or when in y-square test the figure for P was less than 0-05. 

FINDINGS 

Caries 

Though this report is concerned primarily with the interrelationship of dental 
conditions, background information is required of the level of dental disease pres- 
ent in the children under study. A brief description of the carious pattern in these 


children is given here. 
NO CARIES 
5 6 7 8 9 


4 


no} 


PER CENT 
° 








AGE (years) 


Fic. 3. Caries-free children (deciduous teeth) 


In the deciduous teeth, the percentage of caries free children ranged from 24 
per cent at age 4 years to 3 per cent at age 8 years (Fig. 3). The most caries-prone 
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teeth were the deciduous molars (Fig. 4). At the age of 4 years more caries was 
found in the occlusal than in the approximal surfaces of the deciduous molars, but 
by age 5 years more was found in the approximal surfaces (Fig. 5). 


BOYS BOYS 
AGE 4 YEARS AGE S|} YEARS 
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4. Incidence of caries in deciduous teeth. 


LOCATION OF CARIES IM DECIDUOUS MOLAFS 
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Fic. 5. Location of caries in deciduous molars 


Gingival conditions 
It was found in examining the children that the gingival condition deteriorated 


from age 7 to 12 years, during the period of the mixed dentition, (MILLER, 1950), and 


this age period was not a satisfactory one from which to draw conclusions. Studies 
of the gingival conditions were therefore made on 775 12-year-old children, Good 





RELATIONSHIP OF OCCLUSION AND ORAL CLEANLINESS WITH CARIES RATES 75 


gingival conditions were found in 26 per cent of the girls and in only 17 per cent 
of the boys (Table 1). When gingival conditions were related to occlusion (Table 2) 
it was found that an abnormal occlusion was associated with poorer gingival 


TABLE |. PERCENTAGE OF GINGIVAL CONDITIONS AT AGE 12 YEARS 


Gingival conditions (°) No. of 


Good Fair Poor children 


Boys 17 49 34 369 


Girls 26 50 24 406 


FaBLe 2. GINGIVAL CONDITIONS RELATED TO OCCLUSION AT AGE 12 YEARS 
Gingival conditions (°,) No. of 


Occlusion 
Good Fair Poor children 


27 ; - 426 
349 


Normal 
Abnormal 14 


condition; good gingival conditions were found in 27 per cent normal occlusion 
but in only 14 per cent of abnormal. This difference in gingival conditions between 


boys and girls was not due to the occlusion for the incidence of normal and 


TABLE 3. OCCLUSION IN 369 BOYS AND 409 GIRLS AGED 12 YEARS 


Occlusion Boys (°%) Girls (%) 


Normal 55 
Abnormal 45 


abnormal occlusion was the same in girls and boys (Table 3). The better gingival 
condition of girls was possibly due to better oral hygiene; for 20 per cent of the 


TABLE 4. ORAL CLEANLINESS AND GINGIVAL CONDITIONS AT AGE 12 YEARS 


Gingival conditions 


Oral cleanliness 
Good(*%) Fair (®.) Poor (°%) 


58 37 


52 


Regular 
Irregular 31 
None 12 49 
girls showed regular oral hygiene compared with 13 per cent of the boys. Regular 
oral cleanliness was associated with better gingival conditions (Table 4). 
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Oral cleanliness and caries rates 

The relationship between oral cleanliness and DMF rates was analysed on 
736 12-year-old children (Table 5). Many of these children were the same as those 
in the above findings but they were not identical in every individual. The findings 


Taste 5. RELATIONSHIP OF ORAL CLEANLINESS AND DMF Rates AT AGE 12 YEARS 


Oral cleanliness 


Regular Irregular 


No. of children 115 264 
Av. DMF at age 12 
years 5-8 5-0 


are presented to show the average DMF rates for boys and girls combined, not 
distinguishing between normal and abnormal occlusion. These factors were studied 
separately but did not add greatly to the information when presented separately. 
This showed a higher DMF rate with regular oral cleanliness than with no oral 
cleanliness; this difference was statistically significant. 
Occlusion and caries rates 

An abnormal occlusion usually results in an increase in the number of stagna- 


tion areas in a mouth: also the abnormal occlusion often results in less efficient 
cleaning of the teeth by the passage of food over them and by the action of the 


INCISORS 


PREMOLARS 


lind PERMANENT MOLAR 


24 
BIC USPIDS tet PERMANENT MOLAR 
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n 1 YEARS 


Fic. 6. Incidence of caries in permanent teeth 


lips and cheeks. Dental caries is usually associated with areas of stagnation. It is 
possible that an abnormal occlusion causes a higher caries rate by reason of an 
increase in the number of stagnation areas. This possibility was examined. At age 
12 years no significant difference was found between the DMF rates of children 
with a normal occlusion and those of children with an abnormal occlusion. In 
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children aged 14 years the difference was significant—157 children with a normal 
occlusion had average DMF 8-27, 113 children with an abnormal occlusion had 


ANTERIORS 
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Fic. 7. Location of caries in permanent teeth. 
TABLE 6. RELATIONSHIP OF OCCLUSION AND DMF 


Average No. of 
Occlusion DMI children 


Normal 8-27 157 
Abnormal 9-49 113 


average DMF 9-49 (Table 6). It was concluded that a malocclusion was associated 
with a higher incidence of caries. 


DISCUSSION 

That a significant association is shown to be present between two conditions 
does not indicate cause and effect between those conditions. It may be that cause 
and effect may later be proven but until so, care should be taken not to interpret 
the findings incorrectly. It is rarely possible in a clinical study to take into consid- 
eration all possible variables at one and the same time; that associations have been 
demonstrated between some of the conditions examined does not exclude the 
possibility of other influencing factors. In a study of this nature it will be appreciated 
that the assessment of oral cleanliness related more to an objective assessment of 
the appearance of the mouth than to efficacy of tooth brushing, for the latter could 
vary greatly from brushing once a day to brushing after every meal. Similarly it 
did not distinguish between tooth brushing before breakfast and tooth brushing 
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after the evening meal. The assessment was of the standard of oral cleanliness at exa- 
mination of a child to whom no warning had been given of intention to examine. 

The findings relating an association between oral cleanliness and gingival con- 
ditions are not surprising. It is the findings relating the association of higher DMF 
rates to the cleaner mouths that are surprising. This could not be discounted on the 
basis that in the mouths with no oral cleanliness the food debris obscured the caries, 
for, after the assessment of oral cleanliness and before any diagnosis of caries, 
all teeth were cleaned and polished by hygienists. 

Few studies have compared the effect of average tooth brushing with no tooth 
brushing; most studies have compared the effect of rigorous tooth brushing with 
average tooth brushing. MANSBRIDGE (1960) found an association between oral 


hygiene and reduced caries rates; it is interesting and it may also be significant 


in MANSBRIDGE’S findings that not only was the percentage of children performing 
satisfactory oral hygiene twice that in the present study but also the caries rates 
were twice as high. It would appear that tooth brushing as practised in the present 
group of children did not reduce the incidence of caries in school children under 
the age of 12 years, but did improve the gingival condition—comparable findings 
were reported by Hine (1948) and Hein (1954). 

These findings may indicate that oral hygiene may be more effective against 
a certain type of caries. In the present study the caries was mainly in the pits and 
fissures. It may be that oral hygiene is more effective against smooth surface caries 
or that its effect may be more demonstrable against high DMF rates. The present 
findings on raised DMF rates with regular oral cleanliness require confirmation; 
with corroborative evidence they will indicate that a reappraisal should be made 
of dental advice. Tooth brushing is beneficial for gingival conditions but is it of 
equal caries prevention value for 3-year-old patients and for 60-year-old patients? 
It may be that we should design our advice more specifically so that the same 
panacea of tooth brushing is not prescribed for all ages of patients and in the same 
form of application for all dental conditions of man. 

That DMF rates are higher with an abnormal occlusion indicates the need for 
assessments of occlusion in surveys of dental caries. In the same way as groups of 
children may differ in the proportions of approximal and occlusal caries so may 
they in the incidence of abnormal occlusion. Ideally, studies of caries should be made 
on children with norma! occlusion only, but such an ideal is rarely possible—hence 
the need to assess the proportion of abnormal occlusion present in the population 
under study. In the present findings the differences in DMF rates were not “sig- 
nificantly” different at age 12 years, but were at age 14 years. It is possible that at 
ages 16, 18 and 21 years these differences would be progressively more evident. 
These findings indicate that in order to prevent aggravation both of the caries 
problem and of the gingival problem it is necessary to prevent malocclusion. The 
findings merely draw together in association several factors which are present in 
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children’s mouths; it is often necessary to assess and treat each separately, but 


they should be related to one another and to the other factors when planning 
treatment and when prevention in dentistry is being practised. 
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Abstract—As age increases, the DMF index becomes progressively less sensitive as 
a measure of caries prevalence. The assumption that all missing teeth were at one 
time carious is not valid in adults. If the DMF index is to be used in adults, it is nec- 
essary to apply a correction factor for each type of tooth and for each age. In order 
to facilitate the use of the DMF index beyond childhood, correction factors were 
determined by collecting all teeth extracted by sixty dental practitioners during a spec- 
ified period and assessing the number which were carious, the reason for extraction 
being immaterial. These correction factors were applied to data obtained from an 
epidemiological study of caries prevalence in 1441 adults aged 15-64 years. It was 
found that the DMF index for all teeth could be used up to the age of 25 years with 
small error, but beyond this age it was essential to use correction factors. It was 
found, however, that caries prevalence rates in adults could be satisfactorily assessed 
by confining the DMF rates to molar teeth (excluding third molars) and upper pre- 
molar teeth without correction, the percentage number of those extracted which 
were carious, being extremely high. Whereas the correction factors must apply spe- 
cifically to the community studied, the method of approach which has been described 


has universal applicability 


Zusammenfassung Mit zunehmendem Alter wird der DMF-Index als Mai fiir das 
Vorhandensein von Karies immer unempfindlicher. Die Annahme, daB alle fehlenden 
Zahne friiher kariés waren, gilt nicht bei Erwachsenen. Wenn der DMF-Index bei 
Erwachsenen benutzt werden soll, ist es notwendig, cinen Korrekturfaktor fiir jeden 
Zahntyp und fiir jedes Alter anzuwenden. Um die Anwendung des DMF-Index jen- 
seits des Kindesalters zu erleichtern, wurden Korrekturfaktoren bestimmt durch Sam- 
mein aller Zahne, die in einer bestimmten Zeit von 60 praktischen Zahnarzten extra- 
hiert wurden und deren Kariesbefall festgestellt wurde. Die Indikation zur Extraktion 
blieb dabei unberiicksichtigt. Diese Korrekturfaktoren wurden bei der Auswertung 
einer epidemiologischen Untersuchung liber das Kariesvorkommen bei 1441 Erwach- 
senen im Alter von 15-64 Jahren angewandt. Es zeigte sich, dali der DMF-Index fiir 
alle Zihne bis zum Alter von 25 mit kleiner Fehlerbreite benutzt werden konnte, iiber 
dieses Alter hinaus aber war es wesentlich, die Korrekturfaktoren zu verwenden. Es 
wurde aber gefunden, dai das Kariesvorkommen bei Erwachsenen zufriedenstellend 
festgestellt werden konnte, wenn man den DMF-Index auf die Molaren (auBer den 
3. Molaren) und die oberen Primolaren ohne Korrektur beschrinkte, da der Pro- 
zentsatz des Kariesbefalls bei diesen Extraktionen duBerst hoch waren. Obwohl die 
berichteten Korrekturfaktoren nur fiir den beobachteten Personenkreis gelten, kommt 
der Auswertungsmethode allgemeine Bedeutung zu 
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INTRODUCTION 


THE PROBLEM as to whether the beneficial effects of fluoridation, or indeed any 
other method for preventing dental caries are permanent or whether they decrease 
with age has not been satisfactorily determined. One major difficulty is the accurate 
assessment of caries prevalence in adults. Whereas the DMF index is universally 
accepted as the most useful and practical index of caries prevalence in children, 
the index becomes progressively less accurate as age advances. This is because 
the basic assumption that all missing teeth were at one time carious, whilst valid 
in children, becomes increasingly unjustifiable as more and more teeth are extracted 
for other reasons than caries. RUSSELL and ELvove (1951) attempted to compensate 
for this inaccuracy in adults by recording the primary reason for extraction based 
upon a history of signs and symptoms. Apart from the fact that subjective evidence 
of this nature is unreliable a tooth removed for any reason other than dental caries 
may, at the same time, have suffered caries attack. Unless reliable life records are 
available, an accurate assessment of the cumulative incidence of dental caries over 
a wide age spectrum would seem to be impossible. On the other hand, if by a 
sampling survey, the percentage number of extracted teeth which were or had been 
carious was known for any specific community, it would appear reasonable to 
translate these findings to the observed DMF prevalence rates of that particular 
community. In order to test the practicability of this approach the present investi- 
gation was commenced. 


INVESTIGATION 


1. Epidemiological study 


The first part of the investigation was an epidemiological study of 1441 adults 
aged 15-64 years who were employees of two factories in Leeds (F=0-06 p.p.m.). 
In order to study as large an age spectrum as possible, similar and contemporaneous 
data pertaining to 1040 12-year-old Leeds children are also presented. Dental caries 
was diagnosed according to the procedure described by JACKSON (1950) and SLACK 
et al, (1958). From the data so obtained, DMF prevalence rates were obtained 
for each tooth type (excluding third molars) at each age level studied. 


2. DMF correction 


The second part of the investigation was designed to determine the proportion 
of carious to non-carious teeth in those extracted in order to correct the observed 
DMF values. It consisted of collecting, during a specified period of time, all teeth 
extracted by sixty dental practitioners from the same community in which the 


epidemiological study was carried out. The teeth were separated according to age 
and type, cleaned and examined for dental caries. A probe was used if caries was 
not frank or obvious to the naked eye: all filled teeth were included in this category. 
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It was thus possible to determine, according to age and tooth type, the pro- 
portion of extracted teeth which had been attacked by dental caries. Third molars 


were not considered in this investigation because of their variability. 


FINDINGS 
In order to present the observed and corrected DMF values together, it is 


necessary to report the findings of the second part of the investigation first. 


1. DMF correction (Table 1) 


It was anticipated that of those teeth extracted, the ratio of sound to carious 
teeth would vary from age to age. Contrary to this expectation, the ratio for any 
particular tooth type was virtually constant for all ages above 15 years. At 12 years, 
however, there was a difference. Whereas at this age 75 per cent of extracted upper 
premolar teeth were caries-free, the corresponding figure for all the other teeth 
was only | per cent. There was, therefore, a minor correction necessary at 12 years, 
but since the proportion of missing premolar teeth was relatively small, this cor- 
rection made no material difference to the observed DMF rates. The teeth were 
collected in age groups of 5 years, such as 15-19 years, 20-24 years, up to 64 years 
and the correction factors applied to the DMF values pertaining to these age group- 
ings. The rates did not vary significantly with age and hence may be taken to be 
constant. The percentage number of sound teeth for each tooth type are given 
in Table |. The choice of tooth types was determined by analogous susceptibilities 


to caries attack, reference to which will be made later. 


TABLE |. THE NUMBER OF EXAMINED EXTRACTED TEETH AND THE PER- 
CENTAGE NUMBER OF TEETH FOUND TO BE CARIES-FREE IN ADULTS 
rrom 15 To 62 YEARS 


Carious 


Caries-tree 
{ } 


No. of teeth 


Upper inciso 234 
Canines 352 
Upper premo 

Molars 

Lower inc 

Lower first premolars 


Lower second premolars 


Each tooth within each tooth type grouping had almost identical ratios with 
respect to the percentage number of extracted teeth which were carious. Thus the 
correction factor for upper central incisors was the same as that for upper lateral 


incisors. 
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The DMF values were corrected by substituting the observed M fraction by 
another value corresponding to the calculated number of missing teeth which had 
been attacked by dental caries. Thus at 12 years the M value for upper premolar 
teeth was reduced by 75 per cent. Between 12 and 17 years (i.e. the mean age of the 
15-19 year old group) the observed increment in M teeth was reduced by 13 per cent, 
this being the percentage number of sound teeth. This correction of 13 per cent 
for premolar teeth was henceforward used for all age groups. Correspondingly 
the M fraction for all other tooth types was corrected. By combining the corrected 
DMF values of each tooth type, it was possible to obtain corrected DMF values 


for all teeth 


2. Observed and Corrected DMF Values 


(a) Crude DMI prevalence rates for all teeth 

The observed and corrected DMF values for all teeth for each 5 year period 
from 12 to 62 years are given in Table 2 and graphically presented in Fig. 1. Both 
values are close and parallel up to an age approximating to 25 years after which 


TaBLe 2. OBSERVED AND CORRECTED DMF PREVALENCE RATES EXPRESSED 


AS PERCENTAGE TEETH 


Age 
No. examined Observed Corrected Difference 


Range Mean 


12 1040 
394 


,s<, 
115 
127 


157 


age these two values diverge at an ever increasing rate. The absolute difference 
is approximately | per cent up to and at 25 years, whereas at the mean age of 62 
years it is 24-4 per cent. It is clear that the observed DMF values can be used with 
confidence up to this critical age of 25 years, and that projection beyond this age 
is only possible if some correction is made. The essential difference between the 
observed and corrected DMF values is the number of extracted sound teeth and 


it is apparent that 25 years is the age at which there is a marked increase in the 


rate at which sound teeth are extracted. 
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The corrected DMF values increase at an ever decreasing rate up to the mean 
age of 47 years, when there is a slight increase to a level which virtually is hence- 


forward only slight. The rate of increase is greatest between 12 and 17 years when 


the average absolute increase is 2°6 per cent per year. Between 17 and 32 years the 
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Fic. |. Observed and corrected DMF values for all teeth 


corresponding value is 1-2 per cent and between 32 and 47 years it is 0-3 per cent. 
The progressive diminution in the rate at which teeth are attacked by dental caries 
between 12 and 47 years might be explained on the basis of relative susceptibilities 
in that the more susceptible teeth are attacked more rapidly, thus leaving an ever 
increasing proportion of those most resistant to attack. 

Another possibility is that as more and more sound teeth are extracted there 
remain fewer teeth available for attack. An attempt to correct for this factor by 
assessing the chances of a sound tooth to decay during a 5 year period, transferring 
these chances to the sound teeth extracted during this period and then adding this 
value to the DMF values, did not, however, materially alter the order or nature of 
the age prevalence curve. 

Whereas both these possibilities are tenable in explaining the progressive dimi- 
nution in the rate of caries attack such do not constitute a complete explanation. 
The values for all these are compounded from values pertaining to several different 
individual tooth types with different susceptibilities and different patterns of age- 
prevalence curves. It is essential, therefore, to consider the age-prevalence curves 
for each of the previously mentioned tooth types. 

(b) Crude DMF rates for individual tooth types 
DMF values, both observed and corrected, have been plotted for different tooth 


types, the choice of tooth type being made on the basis of morphology and also 
on caries susceptibility. Thus the incisors form one morphological tooth type, but 
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because of the marked difference in caries susceptibilities between maxillary and 
mandibular incisors, these have to be considered separately. Similarly the premolars 
form another group, but whereas both maxillary premolars behave identically with 
respect to caries attack, they behave differently from the mandibular first and sec- 
ond premolars which in turn have different susceptibilities. Thus one must consider 
these three types separately. Apart from an initial difference in prevalence rates, 
influenced largely by differences in eruption times, the first and second permanent 
molars have a similar susceptibility to caries attack and hence these teeth may be 
combined. 

The prevalence rates in each of these groups for each 5 year period from 12 to 


62 years will now be presented. 


TABLE 3. OBSERVED AND CorrecTED DMF VALUES FOR EACH TOOTH TYPE DMEF 
EXPRESSED AS PER 100 ERUPTED TEFTH 


Cc Ll pper Lower first a First “ 

anine , seco seco 

incisors incisors eS premolars premolar econ econ 
premolar perm.molar 


Upper Lower 
Mean age PE 


O ; ; O ; O c 


15-8, 41 41) 11-3 11-3 
37-2, 13-3, 12:3, 33-2, 30-7 
49-6 240 226 49:0 446 
56:7 33-0 28-7 56-1) 49:1 
69-8 48:8 39-8 68-5 57:8 
74:5 56:7 443 73-2 59-8 
75-4 57-5 42:0, 76:0 58-8 
76:3 63:8, 43-6 77-6 59-5 
78-7 82:5, 53-1) 89-3) 65-6 
83-7 84-8 53-0 94-7 69-7 
84:5 83-8 52:7 91:9 66-2 


(i) Upper incisor teeth (Table 3, Fig. 2). The observed and corrected DMF values 
are close and parallel up to an age approximating to 25 years, after which they di- 
verge by an ever increasing amount. The general pattern of the age-prevalence 
curve is similar to that for all teeth combined, in that there is a relatively quiescent 
period between 32 and 47 years after which there is a slight increase. The curves 
differ in that the peak velocity occurs between 22 and 32 years in incisor teeth, 
whereas for all teeth combined it is between 12 and 17 years. 

(ii) Lower incisor teeth (Table 3, Fig. 3). Of all teeth the lower incisors are least 
attacked by dental caries and hence possess relatively low prevalence rates. Very 
few of the lower incisor teeth were filled and the DMF values were mainly composed 
of the D and M fractions. It has already been stated that 79 per cent of all extracted 
lower incisor teeth were caries free, and it is no surprise, therefore, that observed 
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and corrected DMF values diverge to a considerable extent from the time at which 
there is a marked increase in the rate of extracted sound teeth: this age is approxi- 


mately 25 years. Although at a much lower level, the general pattern of the age pre- 
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Fic. 2. Observed and corrected DMF values for upper incisor teeth 


valence curve is very similar to that for the upper incisors in that there is a rela- 
tively quiescent period between 32 and 47 years followed by a slight increase. It is 
interesting that the corrected DMF value at 62 years is only 14-8 per cent, where- 


as it is 60-8 per cent for the upper incisor teeth. 
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Fic. 3. Observed and corrected DMF values for lower incisor teeth 
(itt) Canine teeth (Table 3, Fig. 4). The observed and corrected DMF values are 


again close and parallel up to an age approximating to 25 years, after which the 


values diverge by an ever increasing amount. The corrected DMF values increase 
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at a progressively increasing rate up to the age of 32 years when there is a short 
quiescent period up to 37 years whence the values increase at a progressively de- 


creasing rate reaching a plateau at 57 years. 
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Fic. 4. Observed and corrected DMF values for canine teeth. 


(iv) Upper premolar teeth (Table 3, Fig. 5). The age-prevalence curve for upper 
premolar teeth presents a different pattern, both for the observed and corrected 
DMF values. Both values increase at an ever decreasing rate up to about 37 years. 
The corrected value at 37 years was 74-5 per cent and at 52 years it was 78-7 per cent 
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Fic. 5. Observed and corrected DMF values for upper premolar teeth. 


so that in this period of 15 years the absolute increase in DMF teeth was only 4-2 per 
cent. From 52 to 62 years there is a relatively marked increase in the values. The 
observed and corrected DMF values are close and parallel up to approximately 
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25 years (absolute difference being 2 per cent) from which age the values diverge 
by an increasing amount. The maximum rate of increase occurred between 12 and 
17 years. 


OBSERVED Va 








Aeron o* 
r= CORRECTED 
<a 



































12 22 Fi FF @&@ W@W SF W 62 


oge in yeors 


Fic. 6. Observed and corrected DMF values for lower first premolar teeth 


(v) Lower first premolar teeth (Table 3, Fig. 6). The age-prevalence curve is differ- 
ent from that for other premolar teeth but very similar to that for upper incisor 
teeth both in type and also in degree. The significant features are, therefore, the 
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Fic. 7. Observed and corrected DMF values for lower second premolar teeth 


same. The observed and corrected DMF values are close and parallel up to 25 years, 
and between 32 and 47 years there is a marked quiescent period. 





AN EPIDEMIOLOGICAL STUDY OF DENTAL CARIES PREVALENCE IN ADULTS 89 


(vi) Lower second premolar teeth (Table 3, Fig. 7). The age-prevalence curve is 
very similar to that for the upper premolar teeth in that up to 47 years the DMF 
values increase at an ever decreasing rate. Further there is a quiescent period from 
approximately 32 to 47 years. The observed and corrected DMF values whilst close 
and parallel up to 17 years diverge progressively henceforward. At 25 years the 
absolute difference between observed and corrected DMF values is approximately 
4 per cent. 

(vii) Molar teeth (excluding third molars) (Table 3, Fig. 8). For molar teeth the 
observed and corrected DMF values are virtually identical and hence the observed 
figures apply to tooth values. The age-prevalence curve for molar teeth is different 
from that of other teeth mainly because of the exceptionally high susceptibility of 
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Fic. 8. Observed DMF values for molar teeth. 


these teeth. At 12 years 65-3 per cent of all molar teeth were found to have been 
attacked by caries and at the age of 17 years this figure is just below 90 per cent. 
Between 17 and 27 years there is a relatively quiescent period, but from 27 years 
to 62 years there is a gradual increase so that at the latter age 98 per cent had been 
attacked. 


3. The Use of Observed DMF Prevalence Rates in Upper Premolar and Molar 
Teeth as a General Measure of Caries Prevalence (Table 4) 


The very high proportion of extracted molar and premolar teeth which were 
found to have been attacked by dental caries, indicates a very small difference be- 
tween the observed and corrected DMF values. This suggests the possible use of 
those teeth as an indication of caries prevalence rates without correction. 
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In Table 4 are given the observed and corrected DMF prevalence rates for these 


teeth combined between 12 and 62 years. At 12 years the absolute difference is 


0-3 per cent and at the average age of 62 years it is 3-4 per cent. 


Taste 4. OpserveD AND CorREecTED DMF RATES FOR UPPER PREMOLAR 


AND MOLAR TEETH COMBINED 


Observed Corrected Difference 


DISCUSSION 
Accurate knowledge of caries prevalence in adults ts not readily obtained unless 
accurate dental histories have been recorded. Since the possibility of obtaining such 
histories in sufficient numbers and over a sufficiently wide age spectrum is virtually 


nil, then the best one can ever hope to achieve is an approximation. The basic difh- 


culty is that of assessing how many missing teeth, regardless of the reason for their 


extraction, were attacked by caries. In this investigation a direct approach to the 
problem has been made by finding out the proportion of extracted teeth which had 
been so attacked. From this information the number of M teeth in the DMF index 
was corrected for each individual tooth type according to age. It was thus possible 
to obtain a corrected DMF value at each age level and for each tooth type. 

This method, however, cannot be taken to give an absolutely correct assessment 
of caries prevalence because it presumes that the proportion of extracted teeth 
which were carious was constant throughout the life of those examined. There are 
indeed many conceivable factors which would influence this proportion and because 
of this it was of considerable interest to find that after the age of 15 years the cur- 
rent proportion was markedly constant for each tooth type. Another difficulty asso- 
ciated with this problem is that extracted teeth reduce potential attack. An attempt 
to assess potential attack was made by calculating the chances of attack over a 5 year 


period of the remaining sound teeth at the beginning of this period and converting 
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this to those extracted during this time. The increase in DMF values over and above 
the corrected DMF values was so small as to be negligible. 

Measurement is never absolute and need only possess an accuracy sufficient 
for the practical need. The DMF index is not accurate in the absolute sense because 
of the difficulties associated with the clinical diagnosis of early lesions, and also 
because of the assumption that all missing teeth were at one time carious. In chil- 
dren errors of diagnosis are likely to be greater than those involved in the assump- 
tion, whereas in adults the reverse is likely to be the case. Nevertheless, providing 
careful standards of diagnosis are employed, the DMF index gives an accuracy 
which is undoubtedly sufficient for the practical need. This obtains up to an age, 
hitherto unspecified, beyond which the assumption renders the index insufficiently 
accurate. It has been found in this investigation that for all teeth combined the 
assumption entailed with respect to extracted teeth involves an absolute and con- 
stant error of | per cent up to an age approximating to 25 years. This error grad- 
ually increases beyond 25 years until at 62 years it has an absolute value of 24-4 per 
cent. It thus seems reasonable to conclude that 25 years is the critical age beyond 
which the error associated with extracted teeth makes the observed DMF values 
unacceptable. 

This general conclusion also applies to the described individual tooth types, 
although in the case of molars, extracted teeth involve an error which is relatively 
insignificant, and in the case of the lower second premolars the absolute error is 
4 per cent at 25 years. 

it must be stressed that these findings are specific to the community in question 
and cannot be translated to any other community unless it 1s currently established 
that the proportion of carious to non-carious teeth is comparable. By a comparable 
amendment of the M fraction in the DMF index it should, however, be possible 
to compare adult prevalence rates between one community and another. 


If one accepts the amended DMF values as being a reasonable approximation 
then several interesting observations are possible. Considering all teeth combined 
(excluding third molar teeth) there is a gradually diminishing rate of attack as age 
progresses between 12 and 47 years, with a relatively quiescent period between 32 
and 47 years. These values, however, are compounded from prevalence rates of 
several different tooth types, and more interesting conclusions are possible from 
an individual study of tooth types. Of particular interest is the existence of relatively 
quiescent periods between 32 and 47 years, which is most marked in incisor teeth 
and premolar teeth. For canines there is a relatively short quiescent period from 
32 to 37 years, but nevertheless it is present. The situation with respect to molar 
teeth is not strictly comparable because 90 per cent have already been attacked by 


the age of 17 years. The fact that a quiescent period commences in the majority of 


teeth at about the age of 32 years, regardless of individual susceptibilities, appears 
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to be significant. One possible and obvious explanation is that the more susceptible 
teeth are attacked rapidly and that attack of the more resistant teeth takes place at 
a slower rate. This process most likely takes place, but it does not explain the almost 
critical age at which the rate of attack is so obviously decreased, or the marked 
increase in rate of attack after this quiescent period. An intriguing possibility is 
that these remissions and exacerbations in attack are associated with carbohydrate 
intake. It is known that the intake of carbohydrate in children and adolescents 
is high, and whereas there ts no precise data about carbohydrate ingestion in adults, 
there is a recognized tendency for adults in mid-life to diet in order to keep their 
weight down by carbohydrate restriction and to relax this restriction in later life. 
This explanation must remain speculative in the absence of full facts, but it does 
offer possibilities of enquiry 

Another interesting fact so often ignored is the remarkable resistance of the 
lower anterior teeth which remains constant throughout life. From the amended 
DMF values only 10-6 per cent of the lower incisors are attacked by the age of 47 
years, and only 14 per cent by the age of 62 years. Explanations of differing suscep- 
tibilities in different tooth types have often been based on mechanical grounds such 
as morphology and function. The morphological differences between upper and 
lower incisor teeth are not great and yet the comparable prevalence rates at the 
ages of 47 and 62 years for upper incisor teeth are 47-3 and 60-8 per cent. With 
modern diet, the differences in function of upper and lower incisors is not great. 
The upper premolars have similar morphology and function and have similar preva- 
lence rates. The lower premolars have similar morphology and function but there 
is a marked difference in prevalence rates between the lower first and second pre- 
molars. 

Morphology and function do not, therefore, fully explain differences in caries 
susceptibility. In general, caries susceptibility increases the further the teeth are 


positioned away from the entrance into the mouth of the lingual saliva, a fact which 
is constant throughout life. It has been noted by JACKSON (1961) that a breakdown 


in susceptibility of the lower anterior teeth is associated with a complete breakdown 
in susceptibility in the rest of the teeth. 

It is suggested, therefore, that the high resistance of the lower incisor teeth 1s 
associated with some caries inhibiting factor in lingual saliva, which has diminishing 
influence the further the teeth are situated from its entrance into the mouth. It is 
also suggested that rampant caries is associated with a diminution or absence of 


this inhibiting factor. 


Acknowledgements The author wishes to thank Messrs. Thomas Hedley & Co., 


Ltd. for a research grant facilitating this work. The co-operation of Mr. D. E. 
TaYLor, Senior Dental Officer, Leeds Education Authority, and of the respective 
managements of Messrs. Joseph Watson, Ltd., and Messrs. Montague Burton, Ltd., 





AN EPIDEMIOLOGICAL STUDY OF DENTAL CARIES PREVALENCE IN ADULTS 93 


both of Leeds, are deeply appreciated. To Mr. H. G. Lumpy, M.S.1.A., N.D.D., 
Medical Illustrator, Leeds University and to Miss A. Cooper, the author is indebted 


for their assistance. 


REFERENCES 


Jackson, D. 1950. Brit. dent. J. 88, 207. 

Jackson, D. 1961. In Press 

Stack, G. L., Jackson, D., James, P. M.C. and Lawton, F. E. 1958. Brit. dent. J. 104, 399. 
Russet, A. L. and Ervove, E. 1951. Publ. Hith Rep., Wash. 66, 1389. 





Special Supplement ol. 6, pp. 94-108, 1961. Pergamon Press Lid 


LONGITUDINAL DENTAL CARIES STUDY IN 
CHILDREN 9-15 YEARS OF AGE 
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Abstract—A longitudinal caries study was carried out in a group composed of fifty 
girls and fifty boys. The children, who were born in the same year (1945) and 
permanent residents of the same town were examined at the age of 9, 11, 12, 13, 14 
and 15 years. The yearly examination was done by the same dentists. Special pre- 
cautions were taken to avoid a shift in the standards of examination. Proximal lesions 
were recorded from radiograms; pit and fissure lesions and free smooth surface lesions 
by intra-oral examination 

The number of lesions at the different ages are given separately for each specific 
surface and in two degrees, i.e. the total number of caries lesions, and the number of 
lesions which show either a carious involvement of the dentine or a break in the con- 


tinuity of the enamel surface. 


Zusammenfassung—Eine kontinuerliche Kariesuntersuchung an 50 Madchen und 
50 Jungen im Alter von 9-15 Jahren wurde durchgefiihrt. Die Kinder, welche im sel- 
ben Jahre (1945) und im selben Ort geboren sind und wohnen, wurden im Alter von 
9, 11, 12, 13, 14. und 15 Jahren von den gleichen Zahniarzten untersucht. Eine standige 
Kontrolle zur Festhaltung der Untersuchungsmassstébe wurde durchgefiihrt. Die 
Approximalkaries wurde nur im Réntgenbild beurteilt; die Okklusalkaries und die 
Karies der freien Zahnflachen (bukkal und lingual) in der klinischen Untersuchung 

Die Anzahl der Lasionen wird fiir jede Altersklasse und fiir jede Zahnflaiche in 


zwei Stufen gegeben: Gesamtzahl aller Lasionen und separat Dentinldsionen 


INTRODUCTION 


STUDIES on the progress of dental caries with age in the same patients (longitudinal 
caries survey) in which the caries attack is studied for each type of surface separa- 
tely are relatively scarce. During other studies data were obtained which amounted 
to such a longitudinal survey. Though they were not intended as such, it seemed 


worthwile to report these results. 


MATERIAL AND METHODS 


A group of 50 girls and 50 boys, randomly selected from the school population, 
were regularly examined at the age of 9, 11, 12, 13. 14 and 15 years. All children 
were born in 1945 and were permanent residents of the town of Culemborg (Ne- 
therlands). As the examinations were carried out in the second half of each year, 


[94] 
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the mean age of the group was 9}, 11} etc. Each examination consisted of two parts, 
a standardized radiographic examination of proximal surfaces and a standardized 
intra-oral examination for the pits and fissures and the free smooth surfaces. 

The radiographic examination has been performed at the indicated ages, the 
intra-oral examination only at the ages of 9, 11. 13 and 15 years. 


100 ro OF THE ORIGINAL 


NUMBER OF SURFACES 








oil 
5S 
Fic. 1. Percentage of carious lesions of the distal surface of the upper first molar. 


In the radiographic survey the lower incisors were not included. The intra-oral 
examination was limited to the pits and fissures of molars and bicuspids, and with 
regard to the free smooth surfaces, to the buccal and labial surfaces. The diagnostic 
methods used in this survey are described elsewhere (BACKER DirKs, VAN AMERON- 
GEN and WINKLER 1951: BACKER Dirks and Kwant 1954: BACKER Dirks, KWANT 
and KLAASSEN 1957). Special precautions were taken to prevent and check any 
shift in the diagnostic criteria from year to year (BACKER Dirks, HOUWINK and 
K WANT, 1961). This report deals only with lesions in permanent teeth. 

The number of lesions are reported in two degrees of severity i.e. all diagnosed 


lesions (including enamel lesions) and the more severe lesions cavities) which either 
show carious involvement of the dentin (radiographic examination) or a break 
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in the continuity of the enamel surface (intra-oral examination). No distinction 
is made between fillings (past caries lesions) and caries lesions. 

In every caries survey the recording of extractions and fillings present special 
problems. The purpose of the survey will generally decide in which way the extrac- 
tions are to be counted. 


Sor 
NUMBER OF LESIONS 
PER CHILD 








J 
1S 
AGE 


Fic. 2. Number of carious lesions per child (0) and number of cavities or lesions 
with involvement of the dentine per child (@) 


The influence of various ways of scoring extractions can be read from Fig. | for 


the distal surface of the upper first molar. In curve | extractions are included scoring 


all surfaces lost by extraction as carious. In curve 2 extractions are laso included, 


but scored according to the last observation before the extraction. Curve 3 shows 
the number of lesions not including extractions. Especially the curves for the surfaces 
with lesions of the dentin are strongly influenced by the method of scoring extractions. 

For a longitudinal survey the second method (curve 2) seems to be the best one. 
As far as possible this method will be followed here. 





LONGITUDINAL DENTAL CARIES STUDY IN CHILDREN 9-15 YEARS OF AGE 97 


The influence on the caries score of the method of scoring the fillings will be dis- 
cussed in the section on pit and fissure lesions. 

Out of the vast amount of data only a selection can be reported. For instance 
the data for boys and girls will only occasionally be given separately. 


RESULTS 


The caries score in number of lesions per child at the age of 9, 11, 13 and 15 
years, is given in Fig. 2. These combined data give a poor impression of the true 
progress of caries, as the contribution of proximal caries and fissure caries to the 
total score is quite different at various ages. Moreover the scoring method over- 
emphasizes the contribution of pit and fissure caries as the two fissures of the upper 
molars and the occlusal fissure and the buccal pit of the lower, molars are scored 
separately. The separate data for the diffrent type of lesions will be more informa- 


tive. 
(a) Pit and fissure lesions 


The number of pit and fissure lesions at the different ages is shown in Table | and 
Fig. 3. All curves show a rather steep increase in the number of caries lesions over 
the whole period from 9 through 15 years. 

The boys show lower caries numbers than the girls. Between the age of 13 and 
15 the boys show about the same number of cavities as the girls one year younger. 
The difference in the total number of lesions is (including “incipient caries”) less 
pronounced. 

At the age of 9 the number of lesions is already very high in comparison with 
the number of pits and fissures at risk. Consequently even before this age the 
curves must have been steep. 

For a more detailed understanding of these data, Table 2 gives the number 
of cavities per 100 children for each specific class of fissures. 

At the age of 9 only an insignificant fraction of the caries score is contributed 
by other teeth than the first molars. The occlusal fissure of the lower molar leads, 
followed by the mesial and distal fissure of the upper molar. 

Figure 4 pictures the increase in the number of cavities during each two-year- 
period for first and second molars and bicuspids separately (the increment for the 
period 5-7 and 7-9 years is assessed from the caries increments of similar groups 
of children). 

Up to the age of eleven almost the total caries increment is due to lesions in the 
first molar. The increased slope of the caries curve after the of 11 is due to lesions 
in the second molar and to a lesser extent in the bicuspids. 

The second molar erupts 6 years after the first molar; at the age of 15 the second 
molar attains the same post-eruptive age as the first molar at 9 years. The number 
of cavities of the first molar at 9 years is about equal to that of the second molar 
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TABLE |. Prt AND FISSURE CARIES EXPERIENCE OF MOLARS AND BICUSPIDS YEAR OF BIRTH 1945 


- ' Sex No. of pits and fissures* No. of carious lesionst No. of cavitiest 
years 


9.5 

9-8 
17:1 
15-9 
22-4 
22.0 
23-0 


93.9 


* Including pits and fissures lost by extraction 
+ Extractions are counted as the last diagnosis before the extraction 


AGE 
Fic. 3. Number of pit and fissure lesions per child. 0, Total number of lesions; @, Num- 
ber of cavities. Boys: full drawn lines; Girls: dotted lines 


at 15 years (Table 2). This is especially striking for lower molars. For upper molars 


there is a difference in caries number of the disto-occlusal fissure. This difference 


might be explained by the anatomical form of the disto-occlusal fissure of the upper 


second molar which is very shallow and occasionally absent. Apart from this differ- 


ence, first and second molars seem to have the same caries susceptibility. 
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NUMBER OF PIT AND FISSURE CAVITIES (TOTAL OF LEFT AND RIGHT MOUTH HALF) 
PER 100 CHILDREN 


Upper Lower 


Age 
M, 2 M, 


(years) . 
do mo do 


0 0 170 
182 


121 
160 5 ] 
186 92 38 7 : 191 
189 &Y 192 

o=occlusal fissure mo =mesio-occlusal fissure 


b= buccal pit 
For extracted molars the caries 


do =disto-occlusal fissure 


diagnosis preceding the extraction is used. 


NUMBER OF NEW CAVITIES 
PER 100 CHILDREN 
FIRST MOLARS 
BICUSPIDS 


SECOND MOLARS 




















Fic. 4. Incremeni of pit and fissure cavities. 


The bicuspids, erupting somewhat earlier than the second molars, show a far 


lower attack rate. 
The caries score of the occlusal fissure of the bicuspids is strongly affected by the 


number of proximo-occlusal fillings inserted for proximal lesions. At the age of 
15 years, 19 per cent of the upper bicuspids which are scored for occlusal caries 
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(cavity or filling) show a proximo-occlusal filling. For the lower first and second 
bicuspid this percentage is resp. 13 and 28 per cent. These percentages are a measure 
for the inaccuracy of the occlusal score of these bicuspids. At the age of 13 these 
percentages are smaller, i.c. 10 per cent for the upper bicuspids and resp. 5 and 16 
per cent for the first and second bicuspid. 

If we make the supposition that the percentage of occlusal cavities was the same 
in bicuspids with proximal fillings and without proximal fillings, the caries score 
of the bicuspids would decrease. Under this supposition the number of cavities as 
given in Table 2, would become at 15 years for the lower first and second bicuspids 
20 and 46 and for the upper bicuspids 56 and 62. 

For the molars there is no such problem as all occlusal fissures of the first molar 
were already carious at the age of 9 years. 

The difference in caries score between girls and boys -seems not only to be deter- 
mined by an earlier eruption but also by another factor. If the time of eruption 
was the only factor, the first molars of girls and boys would have attained the same 
caries level at 15 years. Moreover, although the premolars erupted at about the 
same time in the girls and the boys, the premolars of the girls show a 20 per 


cent higher attack rate than the boys. 


(b) Proximal lesions 

The curves of Fig. 5 show the number of proximal lesions per child from 9 through 
15 years for girls and boys separately. The difference in number of lesions between 
girls and boys is slight in contrast to the caries attack in pits and fissures. The shape 
of the curves is also different from those in Fig. 3. In Fig. 5 the curve for lesions 
affecting the dentin lags behind the curve for all lesions (including enamel lesions) 
with a time interval of about 3 to 4 years. This means that caries develops slowly, 
as it takes—in the mean—3-4 years for an incipient lesion to develop to a lesion 
affecting the dentin. The rate of progression of initial pit and fissure caries is much 


larger and the period for development to a cavity is less than one year at least up 


to the age of 13 years. 

From 9 through 13 years of age the increase in caries numbers is very high, after 
13 years the increase is smaller. At the age of 15 years, 50 per cent of the proximal 
surfaces are affected. The increment in the number of surfaces with involvement 
of the dentin from 9 to 12 years is smaller than that from 12 to 15 years. 

The distribution of the lesions over the various surfaces for the nine-years-old 
group is shown in Fig. 6. The caries distribution at the age of 15 is shown in 
Fig. 7, whereas Fig. 8 pictures for the same age the distribution of the lesions in 
which the dentin is also involved. In these there Figs. 6, 7 and 8, the mean of the 
right and left mouthhalves are given. The numbers on the top of the bars for 
the first molars indicate the number of carious surfaces, that were lost by extraction, 
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NUMBER OF PROXIMA( 
LESIONS PER CHILD 








Fic. 5. Number of proximal lesions per child. @, Total number of lesions; 0, Number 


of lesions with involvement of the dentine. Boys: full drawn lines; Girls: dotted lines. 
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Fic. 6. Number of lesions per 100 children at 9 years of age. Mean of left and right 


halves of the mouth 


first incisor d distal surface 
cuspid oO occlusal fissure 
P first bicuspid mo mesio-occlusal fissure 
M first molar do disto-occlusal fissure 
m mesial surface b buccal pit 
The top of the molar bars indicate the number of lesions that were lost as a conse- 


quence of extraction 
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Table 3 shows the attack of separate surfaces—in two degrees—as the sum of 
the right and left mouthhalves at the various ages. The difference in number between 
the two classes of lesions is the number of lesions that—as far as visible on the 
X-ray—are confined to the enamel. Numerically they are a very important fraction 
of the total number of lesions; at 9 years 80 per cent of the lesions are enamel lesions 
and at 15 years 58 per cent. 
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Fic. 8. Number of cavities (for pits and fissures) and of carious lesions with involve- 
ment of the dentine (proximal surfaces) at 15 years of age. Mean of left and right 
halves of the mouth. For legend see Fig. 6. 


The Figs. 9 and 10 show the number of lesions for each proximal surface of the 
maxillary teeth. Three types of curves can be distinguished. The first type are the 
curves for the surfaces which had already an important number of lesions at nine 
years. These curves show a moderate slope up to the age of 13, after this age 
the curve has an insignificant slope. The mesial and distal surfaces of the first incisor, 
the mesial surface of the second incisor and the mesial surface of the first molar 
belong to this type. The only difference is the far higher level of the molar curve. 
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FiG Proximal lesions of the upper posterior teeth 
first bicuspid m= mesial surface 
first molar d=distal surface 
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Fic. 10. Proximal lesions of the upper anterior teeth. 


first incisor m= mesial surface 
cuspid d =distal surface 
first bicuspid 
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The premolar surfaces, except the distal surface of the second premolar, and the 
distal surface of the first molar show an other type of curve. Starting at nine years 
at zero, a very steep rise follows, which brings the curves to about the same height 
as the mesial surface of the first molar. The curves of the proximal surfaces of the 
cuspid and the adjacent surfaces of first premolar and second incisor show the 
smallest slope. The mesial surface of the second molar seems to have the same 
type of curve as the mesial surface of the first molar. 

In general the caries numbers of two adjacent surfaces show more similarity 
than the two surfaces of the same tooth. There is therefore perhaps more reason 
to describe the caries pattern with the interproximal space as the unit, than with 
the tooth as the unit. The dissimilarity of adjacent surfaces in the younger age groups 
tends to become smaller each subsequent year. This is especially true in those ad- 
jacent surfaces which show an important difference in time of eruption (e.q. Mym 
P.d). 
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Fic. 11. Proximal lesions with involvement of the dentine. First molar. @, Mesial 
surface; o, Distal surface. Upper molar: full drawn lines; Lower molar: dotted lines. 


Figure 11 brings together the four surfaces of the upper and lower first molar. 
The number of surfaces with lesions of the dentin are shown. Each of these four 
curves shows a different shape. At nine years both mesial surfaces show a higher 
caries score than the distal surfaces. However, at the age of 15 the distal surface 
of the lower molar has a much higher caries number than its mesial surface. The 
distance between mesial and distal surface of the upper molar curves is fairly con- 
Stant. 

At the age of 10} years 50 per cent of the upper second premolars were erupted, 
for the lower premolars this age was 11} years. The upper and lower second molars 





108 ©. Backer Dirks 


were for 50 per cent erupted at resp. 12 and || years. The presence of the deciduous 


molars explains the differences at 9 years; the eruption sequence of the permanent 
premolars and molars explains, at least partly, the different caries rates after 9 years. 


(c) Buccal and labial smooth surface lesions 

The lesions of the buccal or labial surfaces are diagnosed only in the course of 
the examinations at 13 and 15 years. 

Those surfaces were diagnosed as carious, that after cleaning and drying with 
compressed air during two to three seconds, either showed a white, chalky, non 
glossy enamel area, or a break in the enamel, perceptible by the sharp explorer. 


Taste 4. NUMBER OF BUCCAL AND LABIAL LESIONS PER CHILD 


Age (years) 


Table 4 gives the number of buccal lesions in two classes. 


Except for the first molars all teeth showed an increment in carious lesions. How- 


ever, it is not possible upon the basis of these two examinations to draw any fur- 


ther conclusions. 
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CHANGES IN THE DEPTH OF ARTIFICIAL MARKS 
ON TOOTH SURFACES AFTER CERTAIN TIME 
INTERVALS* 


P. SCHLATTER, T. M. MARTHALER and H. R. MUHLEMANN 


Dental Institute, University of Zurich, Switzerland 


Abstract—In order to study both morphological characteristics and depth changes of 
marks engraved in vivo on tooth surfaces, two replicas were made. One replica was 
used for surface microscopy, the other was imbedded in wax and cut serially on a 
microtome at a right angle to the mark. In the sections obtained, the depth of the 
mark was measured under the microscope 

The depth changes were studied in thirty-four students. Some marks were found 
to be deeper after | week. After 6 weeks, the average depth of the marks was smaller 
than at the beginning of the experiment. In the material studied, no relation existed 
between the depth changes on one hand and oral hygiene, the DMFS and the diet 
on the other. The correlation between depth data in sections and breadth determi- 


nations by surface microscopy was poor 


Zusammenfassung—-Um Verinderungen der Tiefe von artifiziell an der Schmelzober- 
flache in vivo erzeugten Rillen zu bestimmen, wurden zwei Replicapraparate hergestellt. 
Ein Praparat wird fiir die oberflachenmikroskopische Untersuchung benutzt, das 
andere wird in Wachs cingebettet und mit dem Mikrotom im rechten Winkel zu der 
Rille in Serien geschnitten. In den so erhaltenen Schnitten wird die Tiefe der Rillen 
unter dem Mikroskop gemessen 

Die tiefenverinderungen an den standardisierten kiinstlich erzeugten Rillen 
wurden bei 40 Studenten untersucht. Es wurde festgestellt, dal alle Rillen nach 
einer Woche tiefer geworden waren. Nach 6 Wochen war die durchschnittliche Tiefe 
der Rillen geringer als zu Beginn. Die Einebnung der Rillen erfolgte unterschiedlich 
schnell. Die Beziehungen zwischen den an den Schnitten und an den oberflachen- 
histologischen Bildern erzielten Ergebnisse waren nicht eindeutig. Es konnte keine 
Abhingigkeit zwischen den Veranderungen der Rillentiefe, dem DMF-Flachenindex 
und der Nahrung bei den untersuchten Studenten gefunden werden. Dies ist méglicher- 
weise auf die Unterschiede bei der Zahnpflege zuriickzufiihren. Die Verainderungen 
in der Tiefe der kiinstlichen Rillen wird durch nicht entfernbare Ablagerungen und 
durch die Abrasion der Schmelzoberflache verursacht. 


INTRODUCTION 


THE REPLICA technique (“adhesion relief method”) has been introduced by WOLF 
(1939) for the assessment of the in vivo behaviour of the tooth surface. The de- 


scription of the structured details as seen on replicas was extended by observations 


* Supported in part by the Swiss Odontological Society and the Colgate-Palmolive Company 
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of Scott and Wykorr (1946). Peperson and Scorr (1951) found differences in 
enamel surface appearance between American natives and Alaskan Eskimos. 

Wo tr and NeuwirtH (1941) showed the disappearance of scratches, produced 
in vivo on the tooth surface, within | or 2 weeks. MANNERBERG (1960), who 
surveyed the enamel! replica literature thoroughly, published a monograph on the 
appearance of tooth surfaces in various age groups, in long-term studies after tooth 
brushing, in cases of erosion and after exposure to citrus fruit juice. Tooth surface 
morphology varied more with toothbrushing habits than with age. Old scratches 
disappeared simultancously with the appearance of new ones. Such changes may 
be due to a continuous diffuse abrasion of the tooth surface and/or to a reparative 
precipitation of deposits into artificial marks and tooth brush scratches. 

It is conceivable that the rate of disappearance of artificial marks might be 
used for the study of the physico-chemical equilibrium between tooth surface and 
Saliva, since it seems likely that the deposits within the scratches and marks consist 
of inorganic material (MANNERBERG (1960): “probably calcium phosphate”; 
KNAPPWwosT (1956): “hydroxyapatite’’). 

One of the shortcomings of the commonly used replica method is the unreliable 
determination of the depth of marks engraved on the tooth surface. MANNERBERG 
(1960), who used a calibrated engraving instrument for the production of marks, 
determined their depth by trigonometrical calculations from breadth measure- 
ments under the miscroscope. 

It was the purpose of the present study to compare findings obtained from 
the surface inspection of replicas with measurements of the actual depth of the 


engraved mark. 


MATERIAL AND METHOD 

Vertical marks were engraved on the labial surface of both upper incisors by 
means of a diamond point having an angle of 100° and using a standardized force. 
Afterwards, replicas were taken in duplicate on the rubberdam isolated incisors. 
Details have been described elsewhere (SCHLATTER, 1962). 

One of the replicas was used for surface microscopy (oblique illumination). 
The other replica was sandwiched between two wax plates and sectioned on the 
microtome at 25 « thickness and at a right angle to the mark, in the area of the 
first millimeter of its incisal end. The depth of the mark was then measured under 
the microscope in twenty sections mounted on a slide and previously treated with 
xylene. 

The error of the method was determined by measuring the depth of the marks 


in twenty replicas made in duplicate and sectioned independently. Variance and 
standard deviation of the method were 0-0955 and 0-309 (Table 1). As is to 
be shown under the results, this method error is considerably smaller than the in- 
dividual variance of the scratch depth. Thus the method error contributes only little 
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to the experimental error, and the method may therefore be judged as being 
sufficiently precise. 
Replicas were taken immediately after the mark was made, | and 6 weeks later. 


TABLE |. ANALYSIS OF VARIANCE OF THE 204 DEPTH DETERMINATIONS 
IN UPPER CENTRAL INCISORS OF THIRTY-FOUR STUDENTS 
Degrees 
Source of variation of Mean square 
freedom 


Subjects 3:37* 

Times 7-02* 
first vs. second 0-10 
first +-second vs. third 13-93* 

Subject « times 1-34 

Total subject + times 

Left vs. right incisors 1-48 

Interaction 1-08 

Total measurements 

Error of measurement? 20 0-0955 


* Significantly greater (P<0-01) than interaction subject x times 
+ See “Material and Method”. 


RESULTS AND DISCUSSION 
In thirty-four students, the average depth of the freshly engraved mark was 
5-07 + 1-039 w (S. D.) for the upper right and 5-34-+- 0-842 u for the upper left 
incisor, the difference between right and left being insignificant (Table 2). After 
| week, the average depth in the right incisor had increased by 0-16 « and decreased 


TABLE 2. DEPTH OF MARKS ENGRAVED ON THE LABIAL OF UPPER INCISORS. 


In vivo MEASUREMENTS IMMEDIATELY, | AND 6 WEEKS AFTER ENGRAVING 


Incisor 


Depth : 
Right Left 
Initial ; 5-07+ 1-039 5:3440-842 
1 week . 5-234 1-490 5-27+ 1-670 
6 weeks ; 4-574 1-450 4-77+1 346 


in the left incisor by 0-07 yw, these differences again not being significant. After 
6 weeks, the depth of the mark was measured to be, in the right incisor, 4-57 + 
1-450 uw and, in the left incisor, 4-77 + 1-346 uw. In an analysis of variance combining 
the findings in both incisors, the decrease in depth of the mark was found to be 
significant (Table 2). In some cases, a striking increase in depth of the mark was 
observed after 1 week (Fig. 2). 
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a 


Fic. 1. Artificial mark on labial of upper left incisor. Upper: Fresh mark. Clean 
bottom with lines parallel to the mark. Several toothbrush scratches on otherwise intact 
crown surface. Indentations due to splitting off of surface enamel with appearance 
of prism ends. Depth of scratch 4-9 u. § 132-36, orig. magn. * 64.Middle: Same mark 
after 1 week. Rather smooth appearance of bottom, disappearance of parallel lines. 
Increase in size of indentations. Depth 4-9 ~, S 132-37. Lower: Same mark after 
6 weeks. Smooth edge of mark with incorporated indentations. Depth 4-6 . Pattern 
of toothbrush scratches identical in all three replicas. 
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Fic. 2. Artificial mark on labial of upper left incisor. C=crack. A: Fresh mark. 

Indentations at the edge of the mark. B: Same mark after 1 week. Smooth appearance 

of bottom and margin of edge. Depth 5-4 ~. C: Same mark after 6 weeks. Indenta- 

tions incorporated into mark. Depth 4-6 «~. D: Mark after 12 weeks. Depth 3-4 wu. 

Pattern of toothbrush scratches constantly modified during experimental period. 
S 132-39/42, orig. magn. x 64. 
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The morphological changes occurring in the marks are represented in Figs. 
1-5. The fresh marks always showed a clean bottom with several lines parallel to 
the main scratch and due to imperfections in the diamond point (Fig. 4). The 


4,4 


Fic. 3. Artificial mark on labial of upper right incisor of fresh crack. Upper: Fresh 
mark. Splitting off of enamel at the edge of the mark. Prism ends visible in inden- 
tations. Depth 4.4 ». Lower: Mark after 6 weeks showing plaque-like honeycomb 
pattern on the bottom of mark. Incorporation of edge indentations. p = plaque 
a = artefact. Depth 3-3 «. No toothbrush scratches. S 130-18/19, orig. magn. x 64. 


margins of the mark were well outlined but in many instances notched. These iden- 
tations were produced by the splitting off of surface enamel during the engraving 
of the mark. These fracture regions often revealed the morphological pattern of 
prism ends (Figs. |, 3) 
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After | week, the artificial marks generally appeared to be of smoother outline, 
the marginal identations being gradually incorporated into the main mark (Figs. 
1, 2). The parallel lines on the bottom of the mark had disappeared in all instances 


Fic. 4. Artificial mark on labial of upper left incisor. Upper: Fresh mark with 

parallel lines at the bottom. Splitting-off of enamel at the edge of the mark. Depth 

5:7 4. Lower: Mark after 6 weeks. Disappearance of parallel lines. Smooth appear- 

ance of bottom of mark. Unchanged pattern of toothbrush scratches. § 129-31/32, 
orig. magn. x 102. 


(Figs. 1, 2, 5). The bottom showed, in some cases, a surface texture similar to that 
of the adjoining intact enamel (Figs. 1, 2), in other cases an irregular, plaque-like 
roughness (Fig. 5). 
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Fic. 5. Artificial mark on labial of upper right 
incisor. Upper: Fresh mark. Depth 4-5 4. Middle: 
Mark after | week. Disappearance of parallel 
lines on bottom of scratch. Depth 5-6 «. Lower: 
Mark after 6 weeks. Plaque-like deposits on 
bottom of mark. Depth 3-0 ~. Unchanged pattern 
of toothbrush scratches. S 131-15/17, orig. 
magn 64. 
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After 6 weeks, the surface structure within the marks was similar to the one 
observed after 1 week. In general, the borders of the mark had become still 
smoother. On the bottom of a few marks, a honeycomb pattern could be observed 
(Fig. 3). 

The pattern of toothbrush scratches in many instances remained identical during 
the experimental period (Figs. 1, 4, 5). In three cases, a decrease in the depth of 
the marks therefore was hardly due to abrasion of the tooth surface, but rather 
to deposits of organic (plaque-like deposits? Fig. 5) or of inorganic (?) nature 
(Figs. 2, 3). In other cases, the depth of the mark remained unchanged or even 
increased during the 6 week period (Fig. 4). It is interesting to note that in such 
marks, a similar structure was found at the bottom of the mark as was observed 
in the marks having decreased in depth (Fig. 4 to be compared to Fig. 1). 

No correlation was found between the depth changes of the marks and good 
or improper oral hygiene, caries resistance or activity, and diets with or without 
frequent consumption of fruit juices. 

Measurements of the breadth of the marks made with a standardized instrument 
have been used by MANNERBERG (1960) in order to calculate the depth of the mark. 
Similar measurements of breadth were made on fresh marks in thirty replicas of 








DEPTH 


Fic. 6. Correlation between width (breadth) and factual depth of marks engraved 
on tooth surfaces with a diamond point. Measurements on replicas. 


the present material. The findings were poorly related to the actual depth determi- 
nations of the mark (Fig. 6). This might be due to an inadequate angle symmetry 
of the engraving diamond point used in the present investigation or to optical 
errors of observation when determining the breadth of the marks. The latter as- 
sumption seems to be the more probable one. 

The study has shown beyond any doubt that the decrease in the depth of marks 
is of different rate in different individuals, and that it is produced, during a 6 week 
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experimental period, rather by deposits in the marks than by diffuse surface abra- 


sion by dentifrice abrasives. However, the nature of the deposits is still a matter 


of speculation. 
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THE EFFECT OF VARIOUS ANIONS ON THE 
SOLUBILITY OF ENAMEL AND DENTINE IN ACID 


S. A. LEACH 


Turner Dental School, University of Manchester, England 


Abstract—The amount of mineral that is dissolved at equilibrium by reaction of an 
acid with powdered enamel and dentine at an acid pH should, unless there is some 
specific interaction between the anion of the acid and the mineral matter, be account- 
ed forin terms of the chemical properties of the solution and of the anion. The follow- 
ing acids were tested for specific interaction effects: alanine, aspartic, citric, glutamic, 
lactic, malic, malonic, succinic and valine 

The decalcifying solutions contained 0-2 M acetic acid-sodium acetate buffer, 
| M sodium chloride and each of the above acids in turn whose total acid and various 
anion concentrations were 0-1 M in each case. 

With the single exception of citric acid, whose specific interaction with this min- 
eral is already well established, the final pH and the amount of decalcification corre- 


lated with the buffering capacity of each solution. 


Zusammenfassung—Die Menge an Salzen, die im Gleichgewichtszustand von einer 
Saéure aus pulverisiertem Schmelz und Dentin bei saurem pH herausgelést wird, 
miiBte auf Grund der chemischen Eigenschaften der Lésung und des Anions berechnet 
werden kénnen, wenn nicht irgendeine spezifische Reaktion zwischen dem Séureanion 
und den Zahnmineralien auftritt. Folgende Sduren wurden auf eine solche spezifische 
Reaktion hin getestet: Alanin, Asparaginsdure, Zitronensdure, Glutaminsaure, Milch- 
sdure, Maleinsdure, Mallonsdure, Bernsteinsdure und Valin 

Die Entkalkungslésung enthielt 0,2 M. Essigsdure-Natriumacetat—Puffer, | M 
NaCl und abwechselnd jede der oben genannten Sduren mit einer gesamten Saure- 
und Anionenkonzentration von 0,1 M. 

Mit der alleinigen Ausnahme von Zitronensdure, deren spezifisches Verhalten 
gegeniiber den Zahnmineralien bereits hinteichend nachgewiesen wurde, entsprach 
der pH-Endwert und die Starke der Entkalkung der Pufferkapazitat jeder Lésung 


INTRODUCTION 
IN COMPARATIVE studies of the decalcification of enamel and dentine by several 
organic acids it is generally found that some acids are relatively better than others 
in their ability to dissolve the mineral matter from these tissues. The relative abilities 
of these acids to decalcify is not a constant, however, and varies under different 


experimental conditions. This has produced what might appear to be discrepancies 
between the results obtained from different laboratories, and has led some workers 


to conclude that some of these acids are able to influence the decalcification of the 
mineral matter by some mechanism other than that provided by the acidolytic 
action of the various decalcifying acid buffer solutions (MCCLURE and RUZICKA, 
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1946; Buonocore and Sommer, 1954, 1957; LitrLe, BUONOCORE and SOMMER, 
1954; KOULOURIDES and BuoNocore, 1958; BUONocoRE, 1958; WYNN, HALDI and 
Law, 1960). The object of this work is to present the results of some studies on the 
solubility of powdered enamel and dentine in various acid solutions made up of 
different organic acids, which shows that the differences in solubility that are 
encountered at equilibrium are mainly explainable in terms of the solution chemistry 
of the various acids. These particular acids were tested because they either have 


already been used by previous workers in solubility studies, or else could possibly 


occur naturally in the environment of the tooth surface, viz. alanine, aspartic, 


citric, glutamic, lactic, malic, malonic, succinic and valine. 


General principles 

These organic acids are weak acids in the strict chemical sense, and exert a 
buffering action at any particular pH by an amount that is a function of the dis- 
sociation constant(s) of the acids. These acids have different dissociation constants, 
and so have buffering capacities different from each other at different pH’s. 

If no reaction other than acid decalcification takes place, the amount of mineral 
dissolved at equilibrium and the final pH of a particular acid solution at a particular 
initial pH is a function of the buffering capacity of the acid at that initial pH 
(Leacn, 1959). 

It may then be presumed that at equilibrium the decalcification brought about 
by different acids at the same initial pH should correspond to the buffering capac- 
ities of the acid solutions and any deviations from this may then be presumed 
to be evidence that some other mechanism is also affecting the decalcification 


processes. 


Solubility and pH 

It is essential that the pH in all the solutions must initially be the same, as the 
solubility of the mineral matter is very sensitive to changes in pH. An empirical 
relationship for the solubility expressed in terms of calcium has been given by 
HopGe (1951) from solubility data collected from the literature. This may be 
expressed in the form log (Ca**)+-pH=K, where K is an empirical constant. From 
this relationship it is seen for example that a pH change of 0:3 pH units should 
change the solubility with respect to calcium twofold. Insufficient attention to this 
detail can easily lead to apparently discrepant results. 


Rate of dissolution and equilibrium solubility 

The rigorous dependence of the solubility on the buffering capacity is only 
applicable when the system has attained equilibrium. Before equilibrium has been 
reached the reaction is much more complicated, and is controlled by the diffusion 
rates of the various ions that are present in the liquid in the immediate environment 
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of the crystal surfaces (Gray, 1958). There the pH and concentration of the various 
ions will be different from that of the bulk solution, in some cases being advan- 
tageous, and in others disadvantageous, to the decalcification processes. 


MATERIALS AND METHODS 


Enamel and dentine samples 
The method was essentially that fully described elsewhere (LEACH, 1959) with 
the exception that the material was ground to a fine powder in a water-cooled 


micro-disintegrator so as to pass a 60 mesh sieve. 


Acid buffer solutions 

Each of the buffer solutions was made to pH 4-70 and contained 0-2 M sodium 
acetate-acetic acid buffer, | M sodium chloride to maintain a relatively constant 
ionic strength and one each of the acids under test, so that the acid and its various 


anions were present to a total concentration of 0-1 M. It is necessary to have a sup- 
porting acetate buffer as some of the acids are poor buffers and would produce 


little decalcification and large pH changes if used alone. A solution containing 


the acetate buffer and sodium chloride only was used as control. 


Buffering capacity 

The buffering capacity of each solution was estimated as the amount of 0-1 N 
NaOH required to change the pH of 10 ml of the original solutions from 4-70 to 
5-00 (Table 1). 


TaBLe 1. Mitiiirres 0-1 N NaOH To CHANGE THE pH orf 10 ml oF 
THE SOLUTIONS FROM 4:70 To 5-00 


Each solution contains 0-2 M sodium acetate-acetic acid, | M 
sodium chloride and one each of the following acids and their 
various anions to a total concentration of 0-1 M 


Acid 0-1 N NaOH (ml) 


3-20 
3-20 


Control 
Alanine 
Valine 
Aspartic 
Lactic 
Glutamic 
Malonic 
Malic 
Succinic 
Citric 
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Decalcification 

100 mg of enamel or dentine were shaken overnight in 10 ml of the appropriate 
solution at room temperature. The solutions were then centrifuged (5 min, R.C.F. 
1200 g) and the supernatant solutions filtered through molecular filter membrane 
(pore size 470 mu). The pH of the solutions was determined and analysed for 
calcium and phosphorus by the methods previously described (LEACH, 1960). 
Triplicate tubes of each solution were set up and these gave results that agreed to 


within 5 per cent of each other. 


RESULTS AND DISCUSSION 
In Fig. | is shown the relationship between the final pH of the various acid 
solutions after reaction with the powdered enamel and dentine and their experi- 
mental titratable acidities as described above. There is an inverse linear relationship 
between the final pH of the solutions and their respective buffering capacities when 


expressed in this manner. 





Titratable acidity, mi O IN NaOH 


Fic. 1. Final pH of solutions of acids of different buffering capacities (initial pH 4-70) 
after shaking 100 mg of enamel (.\) or dentine (0) in 10 ml of the solution overnight 
at room temperature 


In Figs. 2 and 3 are shown both the calcium and phosphorus released from 
the enamel and dentine respectively plotted against the buffering capacities of the 
acid solutions. With the exception of the points at the extreme right of each figure, 
which represent the results obtained with citric acid, there is a linear relationship 
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between the solubility and the buffering capacity of each acid solution. Citric acid 
is known to be taken up by the mineral matter of enamel and dentine, and by 
hydroxyapatites in general, in a complex manner to form a mineral of different 
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Fic. 2. Milligrams of Ca (0) and P (@) released (as mg per cent of solution) on shaking 
1 g of enamel in 100 ml solutions of acids of different buffering capacities overnight 
at room temperature. 


chemical properties than before, at the same time releasing excess phosphate from 
the crystal surfaces (NEUMAN and NEUMAN, 1958). Citric acid is thus not expected 
to follow a decalcification pattern that is solely dependent on the buffering capacity 
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Fic. 3. Milligrams of Ca (0) and P (@) released on shaking | g of dentine in 100 ml 
solutions of acids of different buffering capacities overnight at room temperature. 
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of the solution. There is also the possibility that the various citrate ions in the 
solution react with the free calcium ions to form chelated or associated compounds, 
but it is not possible to detect their presence in the present instance because of the 
other reactions taking place. The other acids are also known to form various 
associated compounds with calcium in solution and their concentrations can be 
calculated approximately from the published stability constants in the literature 
(BJERRUM, SCHWARZENBACH and SILLEén, 1957). The amounts so formed are 
calculated to be small in comparison to the total amount of calcium that is present 
in the solution as a result of the acid decalcifying action of the solutions and this 
is corroborated by the linear relationships found above. 

There is no evidence from the present series that, with the exception of citric 
acid, any of the acids tested for their decalcifying ability are able to influence these 


processes by any mechanism other than that provided by the buffering capacities 


of the acid solutions. 
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THE STORAGE OF MOLYBDENUM 


I. PorcSALMY*, P. ADLERt and Z. NaGy* 


*Department of Medical Chemistry and +Department of Stomatology, University 
Medical School, Debrecen, Hungary 


Abstract—Molybdenum levels were estimated in the liver, kidney, and spleen of 
three generations of albino rats consuming water with 0-1 p.p.m. Mo. Compared with 
controls (consuming distilled water), the first generation showed no differences in 
these three parenchymatous organs. In the liver and kidney in both the second and 
third and in the spleen in the third generation, higher levels of Mo were found. 


Zusammenfassung—Der Molybdangehalt wurde in der Leber, Niere und Milz von drei 
Rattengenerationen bestimmt, deren Trinkwasser 0,1 p.p.m. Mo enthielt. Im Ver- 
gleich zu Kontrollen (die dest. Wasser tranken) war der Mo-—Gehalt der drei ge- 
nannten parenchymatésen Organen in der ersten Generation unverandert; in der 
Leber und Niere haben wir in der zweiten, in der Milz erst in der dritten Generation 
einen erhdhten Molybdangehalt festgestellt. 


IN PREVIOUS experiments the caries-protective effect of traces of water-borne mo- 


lybdenum was demonstrated in the rat (ADLER, 1951; ADLER and PorcsALMy, 1960), 
without having clarified its mode of action. Our knowledge of the role of molyb- 
denum in the metabolism is rather limited. Xanthin-oxidase is known to contain 
it in considerable concentration; a competitive antagonism is assumed to exist 
between Mo and Cu ions. Nothing is known, however, about the excretion, storage 
or availability in metabolic processes of ingested molybdenum in the rat organs. 


In order to throw some light upon these problems in the rats—used in long term 
caries experiments by ADLER and PorcsALMY— molybdenum levels were estimated 
in the liver, kidneys, and spleen as these are sites of important metabolic activity. 


METHODS 

The planning and duration of the experiments and the number of animals used, 
has been described in an earlier publication (ADLER and PorcsALMy, 1960). When 
the animals were sacrified at the termination of the experiments, livers, kidneys 
and spleens were removed from the cadavers immediately. The respective organs 
of animals living in the same cage were pooled in glass stoppered bottles and were 
kept in a refrigerator until used for analytical procedures. Although at the start 
of each experimental periode, four animals lived in each cage, not all survived the 
total experimental period. The Mo level was ascertained in the aforementioned 
organs of the survivors only. As the respective organs of survivors from the same 
cage were pooled, our analytical results do not refer to individual animals but to 
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the pooled organs. In most experiments, the pooled organs of survivors from three 
cages were used, in a few, however from two cages only. 


Estimation of molybdenum was carried out by emission spectral analysis after 
digestion of the pooled organs in a mixture of concentrated nitric acid and hydrogen 
peroxide. In the dried anorganic remnants of this destruction, we were unable, 
however, to detect molybdenum directly; therefore an enrichment procedure was 
adhered to: an aliquot of the digested acid mixture (corresponding to | g liver 
substance, to 5 g kidney substance, and 5 g spleen substance) was neutralized with 
liquid ammonia, the volume being filled up with redistilled water to 20 ml. To this 
neutralized mixture 3 ml of a 2:5°,, EDTA solution was added in order to form 
complexes with several metals. By adding 20°, doubly distilled HCl, pH was regu- 
lated to approximately 1-0. Then 0-5 ml of a 0-33°, morin solution* (dissolved 
in butanol), and 5 ml pure butanol were added to the mixture which was after- 
wards thoroughly shaken for | min. With the watery phase the butanol extraction 
was then twice repeated. The material from the three butanol extractions was han- 
died thereafter together. In this extract, besides molybdenum, the following metals 
occur: Ti, Sn, Sb. They do not cause, however, any disturbance of the spectral 
procedures for molybdenum estimation. 

After having expelled butanol from the morin—butanol extract, the solid remnant 
was incinerated in an electric furnace, at approximately 550°C. The incinerated ma- 
terial was then dissolved in two drops of 20°,, metal-free hydrochloric acid. As a spec- 
trographic buffer, | drop of 5°, KCI was then added to it. Thereafter, the material 
was dried again at 100°C. Finally, the solid was dissolved in one drop redistilled 
water, and taken up quantitatively into a glass capillary. With this watery solution, 
according to Scueme and Rivas’ method (1936), the one carbon electrode was 
imbibed. 

In preparing spectrographic standards, known quantities of molybdenum—in 
the range of the expected concentrations in experimental samples—were added to 
the remnants of the rat organs after the total extraction of molybdenum as described 
above. With these, the extraction procedures were carried out again; the extracts 
obtained in this way were used for constructing calibration curves. 

A Q 24 Zeiss (quartz) spectrograph was used, with UV light, adhering to the 
logarithmic wedge sector method. Excitation was carried out in an alternating cur- 
rent arc, under controlled electric conditions. Photographic records were made in 
every instance, their evaluation being based upon the length of the most sensitive 
molybdenum lines (wave lengths 3133, 3170 and 3197 A, respectively). In this way, 
as a minimum approximately 1-5 ~g of molybdenum can be detected; our calibra- 
tion curves were prepared, however, for ranges between 3 and 30 yg. 


* Morin is a flavon dye 
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With regard to the rather intricate preparative procedures, a considerable error 
may be inherent in our estimations, not exceeding, however, 25-30 per cent. The 
method used we consider, therefore, as a semiquantitative one. This fact should be 
taken into account when evaluating our findings. 


RESULTS 


Molybdenum levels in the liver, kidney and spleen of controls, and experimental 
animals, from the parental, first and second filial generations are summarized in 
Table 1. Molybdenum levels are expressed in ~g/100 g wet wt. In all three genera- 
tions, experimental animals consumed water with 0-1 p.p.m. Mo, at pH 6, 7 and 8, 


respectively. 


TABLE |. LEVELS OF MOLYBDENUM IN THE LIVER, KIDNEY AND SPLEEN 
IN “g/100 g WET ORGAN wT. 


Generation , 
Liver Kidney Spleen 
and group 


A. Parental generation 


Control 25-0+ 2°65 140+ 1 8:3+1-00 


0.1 p.p.m. Mo 
pH 60 26:343-54 13-74+1°5 69+1-10 
pH 7-0 2704381 15-0+2 8-9+1-10 
pH 80 24:342:17 13-0+1 340-80 


B. First filial generation 


Control 22:741-58 14-740 740-70 


0-1 p.p.m. Mo 
pH 60 40-3+ 3-68 18:0+1-75 8+1-30 
pH 70 $4-742°55 19-341 2+0-95 
pH 80 47-3+5-70 19-0+2 6+ 1-00 


C. Second filial generation 


Control 29-3+3-68 14-7+1 2+0-70 


0-1 p.p.m. Mo 
pH 60 99-04+4-95 370+4 15-0+ 1-59 
pH 70 178-0+ 8-66 460+2°: 23-343-87 
pH 80 1160+6-25 270+5-2 20:0+0-71 


From the data of Table |, it can be concluded that: 
(1) Between the Mo-levels in the organs of controls of the three generations no 
conspicuous differences were found. 
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(2) In some instances, within the same generation considerable differences occur 
in the Mo-levels of the same organ, and are related to the pH of the drinking water. 
In the kidneys as well as in the spleens and livers, the highest levels were found as- 
in the drinking water. In the spleen the differences are more 


sociated with pH 
marked in the first filial generation; in the kidney, on the other hand, they become 
manifest in the second filial generation only. In the liver the difference in the second 
filial generation is more pronounced than in the first. 

(3) In all experiments, in which the pH of the drinking water was the same 
for the three generations, a marked increase occurs in the molybdenum levels in the 


later offspring. 


DISCUSSION 

Due to the semiquantitative nature of the molybdenum estimations, no special 
significance can be attributed to differences within the same generation arising from 
the different pHs of the drinking water. Our findings suggest that this factor influ- 
ences the storage of molybdenum, but in order to settle this problem definitely, 
more material is required. 

Since higher levels were found in the offspring than in the parents, and no change 
occurred in the Mo-levels of the controls, it is justifiable to form of three generations 
of controls one group, and of each generation of experimental animals a second, 
third and fourth group, without distinguishing differences in pH of the drinking 
water. In this simplified way, figures of Table 2 were obtained. From these figures 


the statistical significance of the increased molybdenum levels in the later genera- 


TABLE 2. SUMMARIZED FINDINGS ON LEVELS OF MOLYBDENUM IN THE LIVER, KIDNEY 
AND SPLEEN, IN THREE GENERATIONS OF RATS, RECEIVING 0-1 p.p.m. MOLYBDENUM 
IN THE DRINKING WATER (EXPRESSED IN “g/100 g WET ORGAN WT.) 


Group Liver Kidney Spleen 


Controls of 
all three 2564+ 1-46 14-4+0-70 7:77+0-37 


generations 


Not significant Not significant S Not significant 


Parental 
generation 25-90+ 1-70 13-9+1-73 8 04+0-18 


pH 6, 7 and 8 
Significant Significant > Not significant 


4 
4 


First filial y 
generation 47-40+ 3-00 18 8+0-77 10-02+ 1-12 


pH 6, _ 


7 and 8 \ 
Significant Significant Significant 
Second filial ‘i 
generation 131-00+ 12-49 368+ 3-32 19-40+ 1-80 


pH 6, 7 and 8 
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tions of the experimental animals is obvious. In no instance does a significant differ- 
ence occur between controls and the parental generation. In the liver, and in the 
kidneys, the difference between the parental and first filial generation is statistically 
significant ; in the spleen the difference is not significant. On the other hand, the second 
filial generation has higher molybdenum levels than the first one in the spleen too. 

No inference can be drawn from our results as to the metabolic role of molyb- 
denum. Neither can we draw conclusions as to the mode of its caries-protective 
action. The higher levels of Mo in these three organs do not display any correlation 
with the caries figures of the same groups. That higher levels were found after longer 
exposure in the first filial than in the parental generation of experimental animals, 
is not surprising. Some importance may be attributed, however, to the considerably 
higher levels of Mo in the second filial generation in comparison to the first one, 
in spite of a markedly shorter exposure period. This may be evidence of some role 


of molybdenum in the rat's metabolism. Then was no evidence in the second filial 


generation of our experimental animals to indicate a toxic effect of this increased Mo 
storage in the aforementioned parenchymatous organs. 
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CITRATE IN BONE AND DENTINE 


R. L. HARTLES 


School of Dental Surgery, University of Liverpool, England 


Abstract—Ox bone and human dentine contain nearly | per cent of citrate. A portion 
of the citrate seems to be associated with a peptide. The normal rat femur contains 
0-53 per cent citrate. On a diet containing adequate calcium (0-56 per cent) but no 
vitamin D, the citrate content of the femur is depressed slightly. In the presence of 
excessive amounts of vitamin D the bone citrate is almost doubled. On a calcium- 
deficient dict (0-03 per cent) and in the absence of vitamin D the bone citrate is only 
half the normal value. When the intake of the vitamin is normal and the calcium 
intake remains low, the bone citrate increases (0-7 per cent). Excess of the vitamin 
again causes a large increase in bone citrate. The amount of citrate in bone seems to 
be governed by the vitamin D intake of the animal, but the effects of a deficiency of 
the vitamin can be mitigated by an adequate intake of calcium. On calcium deficient 
diets the bone is poorly formed both in the presence and absence of vitamin D, but 
the animals develop tetany only in the absence of vitamin D. The major chemical dif- 


ference caused by i 1 D ts an increase in bone citrate 


Zusammenfassung—Ochsenknochen und menschliches Dentin enthalten beinahe I' 

Zitrat. Ein Teil des Zitrates scheint an einem Peptid zu hangen. Der normale Ratten- 
femur enthalt 0,53°,, Zitrat. Bei einem Futter, das geniigend Calcium (0,56°,) aber 
kein Vitamin-D enthalt, sinkt der Zitratgehalt des Femurs etwas. Bei extremem Vi- 
tamin-D-Gehalt wird der Zitratgehalt im Knochen beinahe verdoppelt. Bei cinem 
calciumarmen Futter (0,03°,) ohne Vitamin-D ist der Zitratgehalt des Knochens nur 
die Hialfte vom Nor en. Wenn die Vitamin-D-Aufnahme normal, dagegen die von 
Calcium niedrig ist, steigt der Zitratgehalt des Knochens (0,7°,). Ein Uberschu8 von 
Vitamin verursacht dagegen ein Ansteigen des Knochenzitrates. Der Zitratgehalt des 
Knochens scheint dus die Vitamin-D-Aufhahme des Tieres gesteuert zu werden, 
aber die Auswirkungen des Vitaminmangels kénnen durch geniigende Calciumzufuhr 
gemildert werden. Bei Calcitummangelfutter wird der Knochen mit oder ohne Vita- 
min-D minderwertig ausgebildet, dagegen entsteht cine Tetanie bei den Tieren nur 
ohne Vitamin-D. Der hauptsichliche chemische Unterschied, der von Vitamin-D 


hervorgerufen wird, ist ein Ansteigen des Knochenzitrates 


INTRODUCTION 
CITRATE appears to be present in all mammalian mineralized tissues. DICKENS (1941) 
showed that the ribs and leg bones, including marrow, of the kitten contained nearly 
0-4 per cent of citrate; cartilage from the same animals contained only 0-03 per cent. 
[he citrate seems therefore to accompany the deposition of the bone mineral. The 
precipitation of any form of basic calcium phosphate in a medium which contains 
citrate results in the coprecipitation of the citrate. ARMSTRONG and SINGER (1956) 


have expressed the view that the presence of citrate in the skeleton is adventitious 
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and that citrate accumulates in the skeleton because hydroxyapatite has a great 
affinity for citrate at physiological hydrogen ion concentrations. Other workers are 
less convinced that the changes which can be demonstrated in the bone citrate as 
a result of nutritional disturbance are explicable in this way. 


THE OCCURRENCE OF CITRATE IN BONE AND DENTINE 

Only a small fraction (5-15 per cent) of the total citrate in powdered bone or 
dentine can be extracted with either cold or hot water (Free, 1943; HARTLEs and 
LEAVER, 1960). These observations suggest that the citrate does not exist solely as 
calcium citrate. Evidence has been obtained recently (HARTLES and Leaver, 1960; 
Leaver, EAsToe and HARTLES, 1960) to show that some of the bone and dentine 
citrate may be associated with a peptide. Such an association, if substantiated, sug- 
gests that not all of the citrate present is of adventitious origin. 


INFLUENCE OF NUTRITIONAL STATUS ON THE BONE CITRATE 
IN THE RAT 

The normal rat femur contains about 0-53 per cent citrate (NICOLAYSEN and 
ErG-Larson, 1956; HArTLes and Leaver, 196! a,b,c). Results have been reported 
which show bone citrate is governed by both calcium and vitamin D intake (STEEN- 
BOCK and BELLIN, 1953; CARLSSON and HOLLUNGER, 1954). NICOLAYSEN and EEG- 
LARSON (1956) believe that although both calcium and vitamin D are necessary for 
citrate production in bone, the effects of lack of the vitamin can be ameliorated by 
an adequate intake of calcium and phosphorus. 

The exact nature of the relationship between bone citrate, calcium and phosphor- 
us metabolism, and vitamin D intake is still obscure. In an attempt to gain infor- 
mation on this relationship HARTLES and LEAVER (1961a,b,1962) used purified diets 
containing either normal (0-56 per cent) or low (0-03 per cent) calcium, normal 
(0-42 per cent) or low (0-06 per cent) phosphorus and low, normal or high contents 
of vitamin D. In order to gain some degree of uniformity, their analyses were 
carried out on that portion of the rat femur of s.g. not less than 1-5. This is an arbi- 
trary division but has some merit in that it excludes non-mineralized soft tissues 
from the analysis. The results are presented in Tables | and 2. 

In the normal rat receiving a diet adequate in minerals and vitamin D the femoral 
bone contains 0-53 per cent of citrate. When the animal was deprived of vitamin D 
the bone citrate fell slightly but significantly to 0-46 per cent. If the diet contained 
excessive amounts of vitamin D (250 times the normal level) the bone citrate was 
raised to 0-96 per cent. Thus in these circumstances there is a positive correlation 
between the dietary level of vitamin D and the citrate content of bone. 

When the diet is low in calcium a deficiency of the vitamin results in a very low 
bone citrate (0-24 per cent), a normal vitamin intake raises the bone citrate to 0-68 


per cent, excess of the vitamin raises the bone citrate to 0-97 per cent. Again a posi- 


tive correlation between dietary vitamin D and bone citrate. 


ge 
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If the diet is low in phosphorus the results are rather different. A deficiency of 
vitamin D appears to cause an elevation of the bone citrate to 0-8 per cent, a figure 
which is unaltered in the bone of animals receiving adequate dietary vitamin D. 
When the dietary content of the vitamin is excessive the bone citrate again rises to 
about | per cent. With an adequate dietary supply of phosphorus, the citrate con- 
tent of bone increases with increasing dietary content of vitamin D. This relationship 
is much less apparent on diets low in phosphorus but adequate in calcium. 


TABLE 1. THE CITRATE CONTENT (°% w/w) OF THE RAT FEMUR AT VARYING 
LEVELS OF VITAMIN D INTAKE AND AT LOW AND NORMAL INTAKE OF 
PHOSPHORUS AND CALCIUM 


Citrate °, in rat femur 
Dietary 
Vitamin D in diet 


P(°Z) al’, None Normal High 


0-42 0-46 0-53 0-96 
0-06 0-80 0-80 1-00 
0-42 0:24 0-68 0-97 


TABLE 2. THE CITRATE/CALCIUM RATIO IN THE RAT FEMUR AT VARYING 
LEVELS OF VITAMIN D INTAKE AND AT LOW AND NORMAL INTAKE Of 
PHOSPHORUS 


mg Citrate/g calcium in rat femur 


Dietary 
Vitamin D in diet 


Normal High 
21-6 41-2 


41-0 49-9 
34-0 7-7 


The accumulation of citrate in the rat femur therefore seems to depend on vita- 
min D, the highest amounts of citrate are found when the vitamin intake is excessive 


even when intakes of calcium or phosphorus are very low. But the effects of vitamin 


deficiency on bone citrate can be mitigated if the diet contains adequate calcium, 
particularly when the phosphorus intake is low. 
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TRANSAMINASEN IM MENSCHLICHEN SPEICHEL 


A. KRONCKI 


Zahnirztliches Institut der Universitat Tiibingen, Deutschland 


Zusammenfassung—im Nichternspeichel kariesanfalliger und kariesresistenter Per- 
sonen wurde die Aktivitét der Glutamat-Oxalacetat-Transaminase (GOT) bestimmt 
Dabei wurde folgendes beobachtet: 

(1) Die GOT-Aktivitaét ist im menschlichen Niichternspeichel mit Werten bis 
zu 163 GOT-Einh./m! (WrosBLewsk1) im allgemeinen wesentlich héher als im Serum. 

(2) Im Speichel kariesresistenter Personen ist die GOT-Aktivitét gréBer (x 
107.8 GOT-Einh./m!) als bei Kariesanfalligen (x =44,5 GOT-Einh./ml). Die Grup- 
pendurchschnitte erscheiden sich signifikant (7 -- 5,99) 

(3) Die GOT-Aktivitét wachst proportional zum Proteingehalt des Speichels, 
nicht jedoch in gleichem Ausmals wie die Speichelatmung. Sie wird daher wahr- 
scheinlich nicht von den gleichen Faktoren beeinfiuBt, die fiir den charakteristisch 


verlangsamten Glukoseabbau im Speichel Kariesanfalliger verantwortlich sind 
Abstract—The activity of glutamic-oxalacetic-transaminase (GOT) was evaluated in 
fasting saliva samples of caries-susceptible and caries-resistant persons. The results 


are 
(1) Generally, the GOT-activity in human saliva is higher (up to 163 GOT- 


units/ml (WRoBLEWSK!) than it is in human serum 

(2) In fasting saliva samples of caries-resistant persons the GOT-activity is 
higher (x =107'8 GOT-units/ml) than it is in such of caries-susceptible persons 
(x -44-5 GOT-units/ml). The mean values of both groups differ significantly 
(¢ -§-99) 

(3) The GOT-activity increases proportionally to the protein content of the 
saliva samples, but t in the same rate as the respiration. Therefore, the GOT-activity 


in saliva seems not to be influenced by the same factors which cause the characteristic 


reduced glucose degradation in saliva of caries-susceptible persons 


EINLEITUNG 
Seir BRAUNSTEIN und KRITZMANN (1937) erstmals Stoffwechselprozesse beschrieben, 
bei denen Aminogruppen von Glutamin- oder Asparaginsdure auf a-Ketosduren 
libertragen werden, beanspruchen dicse Transaminiecrungsvorginge auf den ver- 
schiedensten Forschungsgebicten grosses Interesse. Auch in der Klinik hat die Akti- 
vitatsbestimmung der diese Reaktionen katalysierenden Fermente, der Transami- 
nasen, fiir die Friihdiagnostik bestimmter pathologischer Zustinde Bedeutung er- 

halten (LA Duet, Wros_ewsk!t und KARMEN, 1954). 
Im Rahmen der Kariesforschung wurde die Aufmerksamkeit durch die Unter- 
suchungen von ATKINSON und MATHews (1949) sowie von ARMSTRONG und ATKIN- 
SON (1951, 1953) auf die vermehrte Anwesenheit von Glutaminsdure und Aspara- 
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ginsdéure im kariésen Dentin und auf die Aktivitét von Transaminasen gelenkt. 
SPRETER VON KREUDENSTEIN (1960) konnte spéter nachweisen, daB Transaminasen 
stets und in dem Serum 4hnlichen Konzentrationen im “Dentinliquor* enthalten 
sind. 

Auch im menschlichen Speichel wurden wie in anderen K6rperfliissigkeiten 
Transaminasen nachgewiesen (PELLEGRINI, 1957; DReIZEN ef al., 1959) und auf 
eventuelle Bezichungen der Aktivitét dieser Fermente zu pathologischen Vorgingen 
in der Mundhéhle untersucht (MARTINELLI und PELLEGRINI, 1957; BREUSTEDT, 
1961), ohne allerdings eindeutige Zusammenhiange z.B. mit der Karies aufzudecken. 
Es ist méglich, daBb die schwierige Beurteilung der klinischen Kariesanfalligkeit 
bzw. -resistenz fiir diese negativen Ergebnisse mitverantwortlich ist (KRONCKE, 
1961a,b). 

Uns interessierten die Transaminasen im Speichel kariesanfalliger und karies- 
resistenter Personen, weil diese Fermente bekanntlich zwei wichtige Metaboliten 
des Kohlenhydratstoffwechsels (Brenztraubensdure und a-Ketoglutarsadure) als Sub- 
strate besitzen und insofern eine wichtige Verbindung zum Eiweibstoffwechsel her- 
stellen. Dabei darf der Glukoseabbau im Speichel und seine Beziehungen zur Karies 
als gut bekannt und weitgehend durchforscht gelten (LUND@visT, 1952; KRONCKE, 
1959, 1960; Nausoks ef a/., 1961; u.a.). Die Bedeutung dieser Verbindung zwischen 
Kohlenhydrat- und EiweiBstoffwechsel wird durch Versuche mit radioaktiv mar- 
kiertem N'* offenbar, das in Eiwei®kérper der Versuchstiere eingebaut und in allen 
darin vorkommenden Aminosduren wiedergefunden wurde (EDLBACHER und LeuT- 
HARDT, 1954). Dies zeigt, daB die Transaminasen im Mittelpunkt komplizierter 
Stoffwechselvorginge stehen und daB ihre Wirkung keineswegs etwa mit den Pro- 
dukten Glutaminsdure, Asparaginséure oder Alanin beendet ist. 

Aus diescm Grunde sollte gepriift werden, ob Unterschiede der Transaminase- 
aktivitét im Speichel kariesanfalliger und kariesresistenter Personen und gegebenen- 
falls Zusammenhinge mit dem Kohlenhydratabbau im Speichel zu beobachten sind, 


MATERIAL UND METHODEN 
Untersucht wurden Niichternspeichelproben von 24 kariesanfalligen (kA), 21 
kariesresistenten (KR) und 6 als fraglichkariesanfallig (k?) beurteilten Personen. 


Der Grad der Kariesanfalligkeit wurde dabei klinisch nach einjaéhriger zahnarztli- 


cher Beobachtung und nach dem Ergebnis eines experimentellen Kariesanfallig- 


keitstestes (Speichelatmung) bestimmt. Bei einem groben Teil dieser Versuchsperso- 
nen lagen auch Messungen der Pufferkapazitaét des Niichternspeichels vor (KRONCK! 
1961a), deren Ergebnisse in Zweifelsfallen zusatzlich herangezogen wurden. 

Die Aktivitét der Glutamat-Oxalacetat-Transaminase (GOT) im Speichel wurde 
in Anlehnung an KARMEN, Wros_ewsk! und LA Due (1955) mit Hilfe der Ferment- 
testkombination TCA 15 971 der Fa. Boehringer, Mannheim bestimmt, das Unter- 


suchungsverfahren dabei wie folgt modifiziert: 
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Frischer Nichtern-Ruhespeichel wurde 1:1 mit Phosphat-Asparaginat-Puffer 
verdiinnt. Da im zellhaltigen Speiche]) DPNH-verbrauchende Reaktionen weiter- 
laufen, kommt anders als bei der Bestimmung im Serum kein Gleichgewicht zwi- 
schen DPN und dem photometrisch bei 366 nm zu messendem DPNH zustande. 
Deshalb wurde der Extinktionsabfall waihrend der Inkubation (15’) und nach Zu- 


gabe des Substrats (a-Ketoglutarat) gemessen und die Differenz zwischen beiden 


zur Berechnung der GOT-Aktivitat cingesetzt. 
In Anlehnung an La Due et al. (1954) geben wir die Transaminaseaktivitat in 


gleichen Einheiten wie fiir Serum an. 
Berechnung: E;"*,,.- 4000 - 1,89 = GOT-Einheiten/! ml Speichel. 


ERGEBNISSE 
Uber die Ergebnisse unserer Transaminasebestimmungen gibt—nach Kariesan- 
falligkeit und Kariesresistenz der untersuchten Personen aufgeteilt—die folgende 
Tabelle | Auskunft: 


TABELLE | 


Klinische Beurteilung 


Kariesanfalligkeitstest 
(Speichelatmung/! ml/Std) (1) 


Anzahl der Messungen 


Speichelatmung <x 
(ul 0, Std.) s 


GOT-Aktivitat 


Hieraus geht hervor, daB die durchschnittliche GOT-Aktivitaét im Speichel ka- 
riesresistenter Personen mit signifikanten Differenzen gréBer ist als dicjenige im 
Speichel Kariesanfalliger. Innerhalb beider Gruppen fallen nur wenige Einzelwerte 
aus der Reihe, wie auch die relativ niedrigen Werte fiir die Standardabweichungen 


der Mittelwerte (s;) erkennen lassen. 
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DISKUSSION DER ERGEBNISSE 

Ubereinstimmend mit den Befunden von Dreizen et al. (1959) wurden im men- 
schlichen Niichternspeichel GOT-Aktivitaéten beobachtet, die mit Werten bis zu 
163 Einheiten/ml erheblich gréBer als die im Serum vorkommenden (15-40 GOT- 
Einheiten/ml) sind. 

Die Speichelproben Kariesanfilliger unterscheiden sich auch beziiglich ihrer 
Transaminaseaktivitat in dhnlicher Weise von denen Kariesresistenter, wie dies von 
der Speichelatmung oder von der Aldolase-Aktivitét her bekannt ist (NAUJOKS 
et al., 1961). Urspriingliche arbeitshypothetische Vermutungen, daB der bei Ka- 
riesanfilligen verringerte Sauerstoffverbrauch des Speichels woméglich durch ver- 
mehrte Aufnahme von Glukoseabbauprodukten in eine gesteigerte Eiweissynthese 
erklarbar sei, kénnen daher nicht zutreffen. In diesem Falle hatte die GOT-Aktivitat 
in der kA-Gruppe gréBGer sein miissen als in der kR-Gruppe. 

Bei der Betrachtung der Durchschnittswerte (x) fallt auf, daB die Differenz zwi- 
schen den Gruppen kA und kR bei der Speichelatmung nicht unerheblich gréBer 
ist als bei den Durchschnittswerten der GOT-Aktivitaét. Diese Differenz laBt sich 
sinnfallig als Relation ausdriicken, bei der der fiir kA geltende Wert | gesetzt 
wird (siche Tabelle 2). Zum Vergleich werden zwei nach Ergebnissen von NAUJOKS 
et al. (1961) berechnete Daten fiir die durchschnittliche Speichelatmung sowie fiir 
den Proteingehalt des Speichels anndhernd gleichgrober kA und kR-Probanden- 


gruppen angefiihrt. 


TApELLE 2. VERGLEICH DER SPEICHELATMUNG, DeR GOT-AxktivitAt 


UND DES PROTEINGEHALTES KARIESANFALLIGER (kA) UND KARIES- 
RESISTENTER (KR) PROBANDENGRUPPEN 

Die MItT* VERSEHENEN ANGABEN SIND DEN BEFUNDEN VON NAUJAOKS 

et al. (1961) ENTNOMMEN, DIE MITT VERSEHENEN DATEN ENTSPRECHEN 
DEN VORLIEGENDEN ERGEBNISSEN 


kA : kR 


Speichelatmungt 
Speichelatmung* 
GOT-Aktivitatt 
Protein-Gehalt* 


Diese Aufstellung la6t erkennen, daB die Speichelatmung Kariesresistenter ge- 
geniiber derjenigen Kariesanfalliger um mehr als um denjenigen Faktor gréBer ist, 
um den sein Proteingehalt durchschnittlich zunimmt. Dies entspricht auch der von 
uns friiher festgestellten Beobachtung, daB die Speichelatmung zwar von den zelligen 
Elementen abhangig ist, jedoch auBerdem durch ein im zellfreien Speichel enthalte- 
nes Prinzip beeinfluBt wird (BRAmstept, 1957). Die GOT nimmt dagegen durch- 
schnittlich nur um nahezu den gleichen Faktor zu wie der Proteingehalt. Man kann 
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daraus einerseits folgern, dal die GOT-Aktivitét im Speichel dem Proteingehalt 
und damit in groBben Grenzen der Zellzahl proportional ist. Dem entsprechen auch 
dihnliche Beobachtungen von Breustept (1961) und die Tatsache, daB reine Drii- 
senspeichelsekrete keine GOT-Aktivitaét aufweisen. Andererseits zeigt die Gegen- 
liberstellung, dab die GOT im menschlichen Speichel offensichtlich nicht von den 
gleichen Faktoren beeinfluBt wird, die wie beim Glukoseabbau Fermentaktivitat 


und Stoffdurchsatz begrenzen und in irgendeiner Weise mit der Karies koordiniert 
sind. 


Anmerkung— Diese Untersuchungen wurden durch Sachbeihilfen der Deutschen 


Forschungsgemeinschaft und der Research Corporation, New York, in dankens- 


werter Weise unterstiitzt 
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EXAMEN DES REPLIQUES DE LA SURFACE DE 
L’EMAIL AU MOYEN DU MICROSCOPE A 
CONTRASTE INTERFERENTIEL 


SYSTEME NOMARSKI 


L. GRIMBERT* et Mile G. PiGeatt 


Ecole Dentaire de Paris et tInstitut d'Optique 


Résumé—Les études de la surface de I’émail au moyen des répliques ont montré 
qu’elles doivent porter sur un nombre considérable de dents et qu’il convient de leur 
donner une forme statistique. Dans ces conditions, une technique permettant de 
supprimer un temps opératoire aussi délicat que l‘ombrage des répliques aura un 
réel intérét 

Le microscope 4 contraste interférentiel (systeme Nomarski) permet un examen 
direct sans ombrage de ces répliques. Pour interpréter les images contrastées obtenues 
et connaitre la nature exacte du relief, il faut déterminer le sens de la lumiére tangen- 
tielle. Ceci s’‘obtient aisément par comparaison 

De nombreux examens ainsi pratiqués ont permis de préciser certains points 


controversés. Des expériences permettent d’affirmer que les périkymaties sont créés 


par la fusion de plusieurs lignes de Retzius et expliquent les qualités de dureté et de 


résistance aux acides de la surface. 

Les érosions ne sont pas recouvertes de cuticule et les causes premiéres de leur 
formation sont surtout mécaniques. Les dents humaines de lépoque néolithique 
montrent la présence de cuticule et de périkymaties. Les habitudes de brossage et la 


qualité des dentifrices expliquent les modifications de surface. 


Abstract—The study of surface enamel by means of specimens have shown that a 
considerable number of teeth must be used, and it is necessary to express the results 
in a statistical way. Under these conditions a technique permitting the reduction of 
operating time, as well as of the shadowing of the specimens, will have special interest. 

The phase-contrast microscope (Nomarski system) permits a direct examination 
without shadowing the specimens. To interpret the contrasted images obtained, and 
to know the exact nature of the relief, it is necessary to know the direction of the 
tangential light. This is easily obtained by comparison. 

From the many examinations thus made practicable, it is possible to elucidate 
certain controversial matters. The experiences indicate that “Perikymaties” are 
formed by the fusion of several Retzius lines, and explains the qualities of hardness 
and resistance to surface acids 

The erosions are not recovered by cuticle, and the prime causes of their forma- 
tion are predominantly mechanical. Human teeth from the Neolithic Age show the 
presence of cuticle and of “Perikymaties” brushing habits and the quality of dentri- 


fices explain the surface modifications. 
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Zusammenfassung—Replicastudien der Schmelzoberfliche haben gezeigt, dab sie 
an einer betriichtlichen Anzahl von Zahnen durchgefiihrt und statistisch ausgewertet 
werden miiBen. In dieser Hinsicht ist eine Methode von Interesse, die einen Arbeits- 
gang cinspart, andererseits aber dhnlich empfindliche Ergebnisse liefert wie mit 
der Schattenerzeugung bei Replicapraparaten. 

Das Phasenkontrastmikroskop (System Nomarski) erlaubt eine direkte Unter- 
suchung ohne die sonst notwendigen Replicaschatten. Um die so erhaltenen Kon- 
trastbilder interpreticren und die Natur des Reliefs erkennen zu kénnen, muB die 
Richtung des tangential einfallenden Lichtes bestimmt werden. Dieses ist durch 
Vergleich leicht zu erreichen. Zahlreiche in dieser Art durchgefiihrte Untersuchungen 
haben dazu beigetragen, gewibe widersprechende Punkte aufzukliren. Die Experi- 
mente konnten Hinweise dafiir liefern, daB die Perikymatien durch Fusion mehrerer 
Retzius’scher Streifen entstanden sind. Sie erklaren so den Hartegrad und die Resi- 
stenzstirke der Oberfliche gegeniiber Sauren. 

Die Erosionen werden vom Schmelzoberhdutchen nicht erneut tiberdeckt und 
die Ursache ihrer Entstehung ist im wesentlichen mechanischer Natur. 

Menschliche Zahne der neolitischen Epoche zeigen das Vorhandensein des 
Schmelzoberhdutchens und von Perikymatien. 

Die Art des Zahnebiirstens und die Qualitét der Zahnpasten erklaéren die Unter- 
schiede in der Beschaffenheit der Schmelzoberflachen 


INTRODUCTION 

Les EruDEs récentes des caries précoces de |’émail par diverses méthodes ont permis 
de préciser que la carie débute par une décalcification d’un point de la surface de 
l"émail. La fine structure de cette surface a été l’objet de nombreux travaux et les 
moyens d ‘investigations se sont réguli¢rement étendus. En 1923, PICKERILL observe, 
en lumiére réfléchie, la surface préalablement imprégnée de graphite. En 1938, 
EISENBERG Observe la surface en fond noir, lumiére incidente (dispositif Ultropak 
de Leitz). WoLF, en 1940, met au point le procédé de répliques pelliculables trans- 
parentes, examinées au microscope en éclairage oblique. En 1946, Scott et Wyc- 
KOFF augmentent le contraste du champ par ombrage des répliques, a l’aide d’un 
mince dépét de métal évaporé sous vide et déposé obliquement sur la réplique. 
Examinées en lumiére transmise, ces répliques ombrées donnent des images néga- 
tives accusant un relief qui est fonction de la structure locale de la surface observée. 

Des indications trés importantes, relatives a la surface de la dent, ont été publiées 


grace a l’examen de répliques ombrées de milliers de dents. II s’agit, en effet, de 


déterminer les caractéres de ces surfaces en fonction d’un grand nombre de va- 
riantes: 
(a) dents avant et aprés éruption 
jeunes et dents anciennes 
ayant subies une abrasion ou non 
saines dans bouche 4 carie 
cariées avec partie saines examinées dans la bouche 


avec nombreuses caries ou peu de caries. 
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(b) Examen de ces divers types de surface, 
avec hygi¢éne—fréquence du brossage, usage de dentifrices abrasifs ou non, 


sans hygiéne 
(c) en fonction de la salive a divers pH 
(d) en fonction de divers régimes alimentaires 
(ec) en fonction de divers perturbations d’ordre général 
(f) en fonction de diverses thérapeutiques 
(g) érosion dans ces diverses groupes 
(h) régions entourant la carie dans ces groupes, etc... 

I] est évident que ces études présentent un caractére statistique. 

MANNERBERG (1960), qui a publié des résultats fort intéressants sur les modifi- 
cations de surfaces en fonction des habitudes de brossage, a examiné des milliers 
de répliques dans diverses catégories. Scort et WyckKorF (1946) ont observé a leur 
tour, des centaines de dents pour préciser la nature de la surface proche des zones 


cariées. 


Fic. 1. Schema du microscope a contraste interférentiel. 
P\ et P2—polariseur analyseur en positions croisées; 

D—Diaphragme d’ouverture; 

Q.—bi-prismes en quartz correspondant aux objectifs utilisés placés dans la 
tourelle sous le condenseur; 

Q»—bi-prisme en quarzt placé dans une monture réglable; latéralement, au- 
dessus du révolver porte-objectifs; 

A—préparation; 

O—objectif. 
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Fics. 2-4. Principe de l’interprétation des zones claires et foncées suivant le sens du 
relief et le réglage de l'appareil. La disposition des zones grises et des zones claires 
permet de déterminer le signe du relief des surfaces examinées. Pour un éclairage 
de gauche a droite, la zone claire correspond a une surélévation et 

les zones foncées a une dépression 





EXAMEN DES REPLIQUES DE LA SURFACE DE L’&MAIL AU MOYEN DU MICROSCOPE 143 


Dans ces conditions, toute méthode permettant l’examen des surfaces en suppri- 
mant des temps opératoires aura son importance. La méthode, dite par ombrage, 
nécessite un dépét de métal sur la réplique. Cette manipulation est délicate puisque 
selon la nature, l’angle de dépét et la qualité du métal, l’image sera différente. Cet 
ombrage demande des manipulations et des délais supplémentaires et par consé- 
quent les risques d’artefacts pourront étre d’autant plus nombreux. 

Le microscope 4 contraste interférentiel (Systeme NOMARSKI, 1955) permet un 
examen direct des répliques transparentes préparées par une technique usuelle. 
Les images obtenues présentent un excellent contraste qui révéle la texture super- 
ficielle de |*émail sans qu’il soit nécessaire de les ombrer par métallisation sous vide. 


DESCRIPTION DU MICROSCOPE 

Composé d’éléments optiques en quarzt fonctionnant en lumiére polarisée 
placés l’°un au dessous du condenseur, l’autre au dessus de l’objectif, il produit 
une modulation de la lumiére diffractée par la préparation et donne naissance au 
phénoméne de contraste par interférences type différentiel. 

On a une impression de relief qui révéle les accidents de la structure super- 
ficielle de l’objet. Selon le réglage du compensateur Q», la direction fictive de 
l"éclairage peut étre dirigée de droite 4 gauche ou de gauche 4a droite, ce qui a pour 
conséquence d’inverser les zones claires et les zones foncées de |’image. 

Pour interpréter le sens du relief obtenu lors d’une observation, il faut procéder 
par comparaison. Dans ce but, on utilise une lame test, constituée par une couche 
mince déposée sur une lame de verre. Cette lame présente une rainure ou dépression, 


pratiquée dans |’épaisseur de cette couche. Selon la disposition de l’ombre totale 


a droite ou a gauche de la zone dénudée, il est facile de connaitre le sens fictif de 


l"éclairage latéral. 


OBSERVATIONS 
L’examen des surfaces étudiées par la méthode du contraste interférentiel, 
systeme NOMARSKI (1955) nous ont permis de confirmer les travaux antérieurs de 
divers chercheurs, de préciser quelques caractéristiques et de pouvoir présenter 
des hypothéses qui auront au moins |’intérét d’orienter des recherches ultérieures. 

Les périkymaties caractérisent les surfaces n’ayant pas subi d’usure mécanique 
(dents incluses, dents jeunes, dents non soumises a des brossages abrasifs— Figs. 
5 et 6). 

Des dents néolithiques adultes examinées ont des surfaces ou subsistent des 
périkymaties recouvertes de cuticule que nous avons détachées ou détruites mé- 
caniquement (Figs. 10 et 11). 

En usant supérficiellement et progressivement les surfaces présentant des péri- 
kymaties, nous avons constaté qu’a de faibles profondeurs, les périkymaties dispa- 
raissent et ne se retrouvent pas si l’on continue 4 user progressivement cette surface. 
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Fic. 5. Troisiéme molaire inférieure incluse. Compensateur déplacé 4 gauche (voir 
Fig. 2), 100 mua, 14 mm. Microscope Nochet, obj. 10/0,25. 


FiG. 6. Troisiéme molaire inférieur incluse. Compensateur déplacé 4 droite (voir 
Fig. 3), 100 mu, 14 mm. Microscope Nochet, obj. 10/0,25 
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Fic. 7. Extrémités de prismes et substance interprismatique (dent incluse 40). 100 my:, 
50 mm. 


Fic. 8. Extrémités de prismes vues a un fort grossissement avec périkymaties—dent 
incluse. Microscope Nachet, obj. 25 X, 100 my, 28 mm. 
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I] en résulte que les périkymaties seraient une structure de la surface. Comme l'a 
montré GUSTAFSON (1959), elles seraient formées par la fusion de plusieurs lignes 
de Retzius. 


Fic. 9. Périkymaties en voie de disparition. Microscope Nachet, obj. 25 X, 100 my, 
28 mm 


Les micrographies de la Figs. 5 et 6 montrent une méme portion d’émail exa- 
minee au contraste interférentiel réglé de fagon a ce que le relief soit éclairé de 
gauche a droite (Fig. 5) ou bien de droite A gauche (Fig. 6). Le profil en forme 


FiG. 10. Surface d'une premiére molaire inférieure de 'époque néolithique. Les péri- 
kymaties et les extrémités de prismes sont apparentes. Obj. 15, ocul. 8. 


de vagues n’étant pas régulier, ce double examen en permet une étude plus précise. 
Cette inversion s‘obtient simplement en agissant sur la vis de réglage, alors que 


dans le cas d’ombrage métallique il faudrait réaliser deux préparations distinctes. 
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De nombreux faits d’expérience renforcent |I’hypothése du réle protecteur de la 
cuticule. Les forces de friction la détruisent plus ou moins et elle se reforme con- 
stamment par précipitation de mucine et de sels minéraux. Elle ne disparait que 


Fic. 11. Surface vestibulaire d'une molaire inférieure 4 face occlusale trés abrasée. 
Les extrémités de prismes ne sont plus visibles. La structure annelée subsiste encore 
La strie verticale pourrait résulter du contact d'un aliment dur. Obj. 25, ocul. 8. 


lorsque les forces abrasives (pate dentifrice abrasive) sont trop puissantes pour 
permettre sa reconstitution progressive. Ceci expliquerait sa présence et la présence 
de périkymaties sur des dents néolithiques adultes et leur absence sur les lacunes 


cunéiformes provoquées par les pates abrasives. 


CONCLUSION 
L’examen des répliques au moyen du microscope a contraste interférentiel 
systéme Nomarski permet d’observer directement, d’une fagon plus simple que 
par les méthodes usuelles, les états des surfaces. 
Nous avons présenté des images des surfaces obtenues 4a l'aide de ce procédé, 
dont la précision et la simplicité nous permettront de progresser dans cette étude. 
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NEW INVESTIGATIONS INTO THE CARIOGENIC 
PROPERTIES OF DENTAL PLAQUES 


H. EGGers-Lura, Dr. Med. Dent. 
Algade 28, Holbaek, Denmark 


Abstract—The biochemical properties of dental plaques are very different from those 
of the saliva, a fact which probably explains their cariogenicity. The author empha- 
sizes especially the more concentrated bacterial content of the plaques, the slime 
and polysaccharide formation due to synthetic effect of certain bacterial plaque 
strains, the ammonium production and the high buffer capacity, the high pH and 
the low oxido-reduction potential, the anaerobism, the very poor content of ionized 
inorganic phosphate, the high content of nucleic acids and ATP which are able to 
complex the enamel calcium, the lack of amylase and oxidase, the presence of other 
enzymes such as phosphatase, esterase, galactosidase and beta-p-glucoronidase. Op- 
posite to what happens in saliva, the retarded sugar clearance and the accumulation 
of sucrose will prevent fermentation and acid formation in the plaque in which the 
formation of saccharates with complexing properties may accelerate the initial 
caries attack upon the enamel at neutral pH. The plaque accelerates the caries 
process, not because acids are formed in it by sugar degradation, but rather because 
it is unable to form acids to the same degree as saliva. 

Zusammenfassung—Die biochemischen Eigenschaften der Zahnplaques sind sehr 
verschieden von denen des Speichels, eine Tatsache, die wahrscheinlich ihre karioge- 
nen Eigenschaften erklart. Der Autor hebt besonders den héheren Bakteriengehalt 
der Plaques hervor, dann den Schleim und die Polysaccharidbildung durch gewisse 
Bakterienstamme in den Plaques, die Ammoniumbildung und die héhere Pufferka- 
pazitéat, den héheren pH-Wert und das niedrigere Redoxpotential, die anaeroben 
Verhiltnisse, den sehr niedrigen Gehalt an ionisiertem anorganischem Phosphat, den 
hohen Gehalt an Nucleinsdure und ATP, die Fahigkeit zur Komplexbindung des 
Calciums aus dem Zahnschmelz besitzen, den Mangel an Amylase und Oxydase, das 
Vorhandensein anderer Enzyme wie Phosphatase, Esterase, Galaktosidase und Beta- 
p-Glukuronidase. 

Im Gegensatz zu den Verhiltnissen im Speichel vermindert die verzégerte 
Zuckerclearance und die angehdufte Saccharose die Sdurebildung in den 
Plaques in Verbindung mit der Bildung von Saccharidderivaten Diese ha- 
ben die Fahigkeit Komplexbindungen einzugehen, und beschleunigen vielleicht 
den anfanglichen Kariesangriff auf den Zahnschmelz bei neutralem pH. Die Plaques 
beschleunigen den KariesprozeB, nicht weil Sduren beim Zuckerabbau gebildet wer- 
den, sondern eben weil sie nicht im selben Mabe wie Speichel Saure bilden kénnen. 


INTRODUCTION 


Topay we may confine the main facts about caries aetiology to the following: 
(1) Bacterial accumulations such as found in plaques are necessary for the develop- 
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ment of caries. Lack of bacteria or bacteria occurring in low concentrations—such 
as found in saliva—are not able to start the initial caries attack (ORLAND, BLAYNEY 
and Harrison, 1954); (2) Refined sugars accumulated at certain concentrations 
are caries provoking. Diluted sugar solutions are not caries provoking (VIPEHOLM 
Report, 1952; EGGers-Lura, 1954). 

As a matter of fact caries never starts directly on surfaces washed by the saliva, 
caries always starts under the dental plaque. Plaques are found on both sound 
and carious tooth surfaces. Although no specific qualitative differences either 
microscopical, bacteriological or biochemical have been established until now 
between plaques from carious and non-carious teeth, some quantitative differences 
have been observed and some authors have claimed a greater acid-forming power 
of the caries suspicious plaque due to its greater content of bacteria and sugar. 
However this assertion has never been really proved and quite as many investi- 
gators came to the opposite result (MILLER, MUNTZ and BrRaApeL, 1940; ENG- 
LANDER, CARTER and Fospick, 1956; ToveruD and HAGEN, 1957; FROSTELL and 
RHODIN-BLOMBERG, 1957; EGGers-LURA 1958a,b; BRAMSTANG and NysTROM, 
1961). pH measurements in animals (rats and monkeys) in carious areas have failed 
to detect a fall below 7 even after carbohydrate food ingestion (OCKERSEE and 
DoJaGerR, 1957; HALpt et al., 1960). The buffer capacity of the plaque seems to be 
much greater than that of the saliva (STRALFORS, 1950) and also the ammonia and 
alkali forming power its much greater than that of the saliva (FROSTELL, 1960). 
Actually the initial pH of human caries in plaques has never been measured exactly 
in vivo (SCHATZ and MARTIN, 1955) and it can hardly be much below neutrality 
because proteolytic bacteria which are constantly found in these sites, do not ordi- 
narily develop in acid milieu. So we are allowed to conclude that the cariogenic 


property of the plaque may lie, not in its acid forming faculty, but in other factors 


which have not yet been sufficiently elucidated. It was the aim of the present author 
to examine such factors by a series of experiments. 


MATERIAL AND METHODS 


The plaque material was scraped from the teeth 4hr after the last meal. Before 
its removal the teeth were washed by a stream of water and isolated from the saliva 
by cotton rolls. The material (generally amounting to from 0-5 to 2 mg dry wt.) was 
suspended in distilled water and thoroughly stirred before the experiments. The 
patients were classified according to the criterion used by the author in previous 
investigations, including (1) a caries-resistant group (C-R), (2) a questionable 
resistant group (C-R?) and (3) a caries-active group (C-A). The pH and &, were 
measured electrometrically by means of a pH-meter (Radiometer 22) with glass, 
calomel and platinum electrodes respectively, except that in measurements made 
in situ indicator paper was used. 
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Experiment No. | 


TABLE |. pH OF THE PLAQUES i” sifu 
(MEASURED COLORIMETRICALLY WITH LYPHAN-INDICATOR-PAPER No. 666) 


No. C-R group C-R? group C-A group 


ON N Sh — «I 


6-7 
71 
6°38 
7-0 
68 
71 
68 


Wi be 


68+0°31 6940-17 7-14+0-12 


No statistical significance between the different groups could be found. This con 
forms with the results of STEPHAN (1938) and MILLER ef al. (1940). The author’s 


values seem to be a little higher than those of the previous authors, probably due 
to more careful isolation from the saliva. The pH values of saliva are generally 
lower than the pH values of the plaques (cf. ammonium production, FROSTELL, 
1960). 


Experiment No. 2 
TABLE 2. THE pH AND THE CORRESPONDING FE, OF PLAQUE SUSPENSIONS 
I 


(1-2 mg plaque material (dry wt.) was suspended in 1 ml distilled water. Both pH and E, meas- 
urements were performed electrometrically immediately after the collection) 


C-R group C-R? group C-A group 
f h pH En En 


240 mV 69 180 ‘ 160 
mV 7-1 190 175 
mV 69 146 168 
mV 69 190 ; 130 
mV 7-1 140 140 
mV 7-0 175 142 
mV 6-7 240 190 
mV 69 190 130 
8 mV 70 200 


Cement auwnt wn = 


mV 183 
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The lowest &, values were found in the caries group. Generally the E, values of 
the plaque suspensions are lower than the &, of the corresponding &, values of 
the saliva. The &, of the saliva has formerly been estimated by EISENBRANDT (1945) 
at +301 mV (mean of 1555 readings), by TURNER and CROWELL (1947) at +-309 mV 
and EcGers-Lura (1956) from +237 mV to 309 mV (the means of C-R and C-A) 


Experiment No. 3 
TABLE 3. THE OXYGEN UPTAKE OF THE PLAQUE MICROFLORA 


(1 ml plaque suspension in water +05 ml phosphate buffer pH 7-1 in Warburg manometer. 


Control: 1 ml C-R unstimulated saliva in buffer) 


C-R solivo 








The plaque respiration is very poor compared with that of saliva indicating 


that the plaque microflora must be mainly anaerobic or lacking oxidation ac- 
tivating substances such as cytochrome or hydrogen acceptors which are abundant 


in normal saliva. 


Experiment No. 4 


O, solubility of plaques 

The O, solubility curves for the saliva have been calculated electrometrically 
by the author (1955) to 0-19 vol ®%, at 22°C. Using the same method with plaque 
suspensions of different concentrations the O, solubility was found to be much 
lower in plaques (about 0-05 vol ®,). 

According to STRALFORS (1956) the oxygen pressure of plaques was calculated 
to be zero from a depth of 0-32 mm. The plaques of the teeth very often have a 
thickness surpassing this measure. So we may assume that anaerobic conditions 


are prevailing in the dental plaques. 
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Experiment No. 5 


TABLE 4. THE CONTENT OF INORGANIC, SOLUBLE P IN PLAQUES 


(Method: EGGers-Lura (1947) Material filtered twice) 
No acid reagents. 


C-R plaques (mg %) C-A plaques (mg %) 


0:2 
0-9 
1-6 
0-7 
1-6 
0-9 
0-7 
0-3 
1-1 
0:8 


M=1-47 M=0-88 


The content of inorganic, soluble P in the plaques is especially small in the 
C-A group. Compared with the content of inorganic, soluble P of the saliva (aver- 
age 14-9 mg °%,: EGGers-LuraA, 1947) the average content of plaques only consti- 
tutes a tenth of that in saliva. 


Experiment No. 6 


TABLE 5. THE CONTENT OF ORGANIC, INSOLUBLE P IN PLAQUES 
(Material: 0-5 mg plaque (dry wt.); Method: EGGers-Lura, 1947) 


C-R plaques (mg %) C-A plaques (mg %) 


NWN WN WN & Ps WN 
eho K De COUN 


2-83 


N 
wa 
< 


The content of or,..nic, acid insoluble P in plaques is considerably greater than 
that in the saliva. (Saliva: average 0-6 mg ®%,) possibly due to the more concen- 
trated microbial content of cell-nucleoproteides and the presence of amylopectine 
(GIBBONS, SOCRANSKY and MACDONALD, 1961). 
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Experiment No. 7 


Adenosinetriphosphate (ATP) content of plaques 
By means of the paper-chromatographic method of EGGLesTON and Hems (1952) 
and the Boehringer enzymatic test method (TC-J 15979) a series of analyses of the 
ATP content in plaques were performed (Average of twenty analyses). 
C-R plaques C-A plaques 
25-80 gamma/m! 50-420 gamma/ml 
The content of ATP in plaques is greater than the content in saliva and all the 
highest ATP- values were found in C-A persons. 


Average content of ATP in saliva 
C-R persons: 0-50 gamma/ml C-A persons: 0-217 gamma/ml 
(NAUJOKS et al., 1958) 


Sugar phosphoric esters in plaques 

By means of the paper-chromatographic method of HANges and IsHERWOOD (1949) 
several phosphoric esters of the type of fructose-1,6-diphosphate, glucose phosphate, 
mannose phosphate and glycerophosphate could be detected in greater quantities 
than in the saliva, but the exact identification offered certain difficulties due to the 


great solubility of these esters. 


Experiment No. 8 


Taste 6. THE STARCH FERMENTATION IN PLAQUES 
2 mg plaque (wet wt.) in 2 mi 1°, starch solution in buffer pH 7:1 
Control: | mi saliva 1 mil sol. starch in the same buffer. Incub. 37 € 
Average of twenty experiments 
Plaque Saliva 


Incubation (hr) 
Acrobe (mV) Anacrobe (mV) Aerobe (mV) Anaerobe (mV) 


71 71 71 
190 310 304 

70 65 61 
170 wl 180 


69 5-5 48 
160 280 210 


The experiment shows that fermentation of starch does not take place in the 
plaque, especially at high pH, contrary to the saliva where the pH will sink very 
fast. Amylase is present both in saliva and in plaques, but the plaque bacteria is 
different from that of saliva in being incapable of fermenting starch directly at 
pH 7:1. 
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Experiment No. 9 


TABLE 7. PHOSPHATASE CONTENT OF PLAQUES 


Method: phenylphosphate method (EGGers-Lura; 1949). In Sharer units. (Mean of twenty-two 
experiments.) 


Plaque Saliva 


62 31 


The content of phosphatase in plaques is more concentrated than in saliva. 


Esterase, Galactosidase and Beta-F-Glucoronidase 
LisaNT! (1961) found bacterial content of esteresa, galactosidase and beta-p- 
glucoronidase in caries areas. These experiments could be confirmed by using dental 
plaques from carious persons as material. The action is mainly synthetizing. 


Oxidase in Plaques 
The presence of cytochromoxidase in saliva has been demonstrated by the 
author in an earlier experiment (EGGeRS-LuRA, 1956). Using plaque as material 
the experiment was negative. Using alpha-naphto!l-+-paraphenylendiamine as 
reagent (EGGers-LuRA, 1949) the localization of oxidase in plaque material also 
appeared to be negative. 


Synthetizing Enzymes 
The presence of bacteria which are able to synthesize mucous polysaccharides 
from sucrose has been demonstrated by SNYDER eft a/. (1955) Polysaccharide syn- 


thesis of the glycogen-amylopectine type for the purpose of storage by the plaque 
bacteria was demonstrated by GipBons et a/. (1961). Such synthesis was confirmed 
by control experiments by the author. On the other hand direct fermentation of 
these polysaccharides with acid formation by means of the plaque bacteria does 
not seem to take place insitu (cf. Expt. No. 8) and at alkaline pH. 


Sugar Clearance 

By means of a new enzyme test method (glucose-oxidase-Tess-tape-method) 
(EGGers-Lura, 1961) the author has been able to measure the sugar content of 
saliva and plaques directly in the mouth within limits of 0-1-2 per cent of glucose. 
The method is quite specific and not disturbed by other reducing substances in the 
mouth. By comparison with other methods (such as the Somogyi method used 
in the Vipeholm report, 1952) it appeared to be sufficiently exact for the determi- 
nation of the relative values in sugar clearance experiments. In the following exper- 
iments the end-point of the sugar clearance (disappearance of colour of the Tes- 





156 H. Eocers-Lura 


tape) was chosen at 0-! per cent, because this level is optimum for the further oxi- 
dation and elimination of the sugar by bacterial respiration. On the other hand 
concentrations of more than 2 per cent will inhibit or stop further oxidation 


(EGGers-Lura, 1954) 


Experiment No. 10 
Time for 10°, glucose or 1°, starch solution to reach the level of 0-1% 
(average of 104 experiments) 


Saliva Plaques 
2-5 min (average 3-2) 4-12 min (average 6-7) 


The sugar clearance of glucose and starch is rather fast both in saliva and in plaques. 


Il 
Time for a piece of candy (sucrose initial concentration about 10°,) to reach the 
level of 0-1°,. 
(average of 128 experiments) 
Saliva Plaques 
6-24 min (average 14-3) 18-49 min (average 30-2) 


The sugar clearance of sucrose is slower than the sugar clearance of glucose and 


starch. 
Il 
Time for a piece of candy to reach the level of 0-1°%,, following the intake on four 
occasions at 15 min intervals. 
(average of 110 experiments) 
Plaques 
30-68 min (average 47-4) 


Saliva 
20-45 min (average 32-5) 
Repeated intakes of sugar seem to inhibit the sugar clearance both in plaque and 
in saliva. An accumulation of sugar seems to take place under these circumstances. 


lV 
The same method of experiment (repeated intakes of sugar) as in III but using 
C-R plaques and C-A plaque material. 
(average of 86 experiments) 
C-R plaque C-A plaque 
24-47 min (average 38-4) 35-74 min (average 51-2) 
The sugar clearance of plaques after repeated intakes of sugar is slowest in the 


C-A plaque material. 
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Content and Change of Sialic Acid 
Both in saliva and in plaques the content of sialic acid can be demonstrated 
(EGGers-LurA, 1960). The content of sialic acid is raised in saliva of caries active 
persons. In plaques a synthesizing effect can be observed by addition of pure sialic 
acid and sucrose to the plaques. The carbohydrate moiety seems to be stored as 
polysaccharides (cf. GipBons ef al., 1961). 


Experiment No. 11 


TABLE 8. ATP-FORMATION IN PLAQUE-SUCROSE MIXTURES 
(Enzyme-test method by Boehringer TC-J 15979) 


Soluble Soluble 
Incubation ATP 


Material h | P . : 
( r « Z o e 
) (gamma/ml) (mg %) (mg %) 


Plaque (1 mg dry wt.) 37-268 
1 ml 5° sucrose 

Plaque +1 ml 5° sucrose 2-: 449-617 
50 mg Ca,(PO,). 


(average of twelve experiments) 


Incubation with plaque material + sucrose + insoluble tricalciumphosphate- 
increases the ATP content and the level of soluble Ca and P. This fact seems 
to support the caries theory of the author (EGGers-Lura, 196la, b). 


DISCUSSION 

The biochemical properties of dental plaques are different from those of saliva, 
a fact which probably explains their cariogenicity. In a series of experiments the 
author could demonstrate such differences summarized in Table A and Table B. 
The sugar clearance of plaques is slower than of saliva and the accumulation of 
sucrose more frequent. Concentrations above 2°, are very rare in saliva over longer 
periods, but not rare in the plaques. Since the optimum concentration for bacterial 
oxidation of sucrose in the oral cavity is about 0-1°%, the breakdown of sucrose 
must be inhibited in the plaques, and due to the anaerobic conditions in these sites 
it will take place by fermentation and not by oxidation, or not at all. Pure saccha- 
rates or intermediary products such as lactate, pyruvate, ATP, malate, phos- 
phoglycerate, etc., will accumulate and can be demonstrated in biochemical exper- 
iments (EGGEeRS-LuRA, 1958). Blackwell, Mc Millan and Fosdick (1961) have 
demonstrated that sugar may etch the enamel very quickly at alkaline pH. 
The author’s experiment No. 11 shows that incubation with sugar and insol- 
uble tricalcium phosphate will result in an accumulation of ATP and in an 
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increase of soluble Ca and P at neutral pH. It has further been demon- 
strated by the author (1958, 1959) that enamel can be attacked very rapidly 
at pH 7:2 by nucleates, condensed phosphates, saccharates and by parathyroid 
hormone as well as by ethylenediamine tetraacetic acid (EDTA). The histological 
appearances produced by such experiments are very similar to the histological 


appearances seen in early clinical caries. 


Fic. 1. Clinical caries Fic. 2. Chelated enamel 


Gram-positive rods, recently found in increased quantities in carious areas by 
BRAMSTANG and Nystrom (1961) do not form acids, but condensed phosphates 
which are able, like ATP, to complex and dissolve enamel at neutral pH. They 
also form ammonia from urea (cf. FrosteLt, 1960). The presence of phosphataes 
in the initial caries lesion has been demonstrated by EGGers-LuRA and ZANDER 
(1947). Finally it has been shown that fluorine inhibits chelation (SCHATZ and 
MArtTIN, 1960; SomoGy!, 1957) and complex formation. 


Taste A. SUMMARY OF THE BIOCHEMICAL PROPERTIES OF SALIVA AND PLAQUES 
Saliva Plaques 


Bacterial content Dilute Concentrated 


Main strains 


Average pH 
Average —, (mV) 


Ammonium formation 


O, uptake (mm*/hr) 
O, solubility (vol °,) 
Buffer capacity 
Milieu 

Oxidase activity 
Starch fermentation 
Phosphatase activity 
Slime formation 
Sialic acid (mg °,) 


Lactobacilli 
Streptococci 
Staphylococci 
Neisseria 
69 

309 
I 
65 
0-19 
l 
Aerobic 
Positive 
Positive 
Small 
Negative 
8-19 


Enterococci 
Streptococci 
Corynebacterium (gr 
Leptotrix 


71 


8-10 

Anaerobic 

Negative 

Negative 

Strong 

Positive 

Unknown compounds 


) 
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TABLE B 


C-R Plaques C-A Plaques 


Inorganic soluble P (mg °,) 1-47 0-88 
Organic, insoluble P (mg °,) 2:59 2:83 
Phosphoric esters Low content High content 
ATP (gamma/ml) 25-80 50-420 
Phosphatase (acid) (Sharer units) 5:3 7-4 
Sugar clearance (min) 24-47 35-74 
Gram positive rods Limited Abundant 


There is, therefore, considerable evidence that in future caries research will 
not be based on the formation of acids, that MILLERS’ theory will lose much 
of its significance and that the complex forming enzymatic theory of EGGERs- 
LurA will gain ground in the coming years (cf. EGGers-LurA, 196la, b). 
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_  HISTOLOGISCHE STUDIEN 
AN NAGEZAHNEN DES SYRISCHEN GOLDHAMSTERS 


H. TAATZ 


Gr. Steinstrasse 19, Halle/Saale, Deutschland 


Zusammenfassung—Ein wertvolles Testobjekt zur Darstellung von Mineralisations- 
st6érungen, die durch Mangelkost oder andere Stoffwechselst6rungen hervorgerufen 
werden k6nnen, stellen in der experimentellen Kariesforschung, wie PROELL, SPRETER 
V. KREUDENSTEIN, KeIL, TAATZ, u.a., beobachten konnten, die Nagezahne syrischer 
Goldhamster oder die der Ratten dar. Die Ausfiihrungen geben auf Grund der groBben 
Bedeutung der Nagezahne fiir die weitere Forschung auf diesem so wichtigen Gebiet 
einen Uberblick iiber die Entwicklung und den Aufbau der Nagezadhne, und zwar 
in dem Umfang, wie es fiir das Verstaéndnis der entwicklungsbedingten Zusammen- 
hange erforderlich ist. Die Untersuchungen beschranken sich nur auf die Nagezahne 
des syrischen Goldhamsters, der, wie aus der Literatur hervorgeht, immer mehr Ver- 
wendung in der experimentellen Kariesforschung findet. 

Abstract—Experimental research on the subject of caries (PROELL, SPRETER VON 
K REUDENSTEIN, Kei_, TAATZ, and others) has shown that the canines of Syrian golden 
hamsters or rats are valuable test subjects for the presentation of mineralization 
disturbances which may materialize through food deficiencies and other digestive 
troubles. The canine teeth are extremely important for further research on this 
essential subject; therefore the report presents a survey of the development and 
structure of canines to such an extent as is needed for an understanding of the aspects 
conditioned by trends of development. The tests are limited to the canine teeth of 
Syrian golden hamsters which are increasingly used in experimental caries research 


as is shown in literature on the subject. 


EIN wertvolles Testobjekt zur Darstellung von Mineralisationsst6rungen, die durch 
Mangelkost oder andere Stoffwechselstérungen hervorgerufen werden kénnen, stel- 
len in der experimentellen Kariesforschung die Nagezahne syrischer Goldhamster 
oder die der Ratten dar. Die folgenden Ausfiihrungen sollen auf Grund der groBen 
Bedeutung der Nagezahne fiir die weitere Forschung auf diesem so wichtigen Ge- 
biet einen Uberblick iiber die Entwicklung und den Aufbau der Nagezadhne geben, 
und zwar in dem Umfang, wie es fiir das Verstaindnis der entwicklungsbedingten 
Zusammenhinge erforderlich ist. Die Untersuchungen beschrinken sich nur auf 


die Nagezihne des syrischen Goldhamsters, der, wie aus der Literatur hervorgeht, 


immer mehr Verwendung in der experimentellen Kariesforschung findet. 
Gegeniiber den Molaren der Hamster, die in gewissem Grade in histogeneti- 
scher und anatomischer Hinsicht mit den menschlichen Zahnen verglichen werden 
kénnen, zeigen die Nagezihne Besonderheiten, die einen Vergleich nur in ganz 
beschrinktem Mabe gestatten. Unter die abnormen Besonderheiten fallen die em- 
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bryonale Keimanlage, durch die ein permanentes Wachstum méglich ist, die Wurzel- 


losigkeit, das einseitige Vorhandensein der Schmelzdecke auf der labialen Flache 
und die dadurch bedingte andersartige Strukturierung des Schmelzes. 

Interessant ist, dab wir beim Studium von Nagezahnserienschnitten, die quer 
von ventral nach dorsal gelegt wurden, die gesamten Phasen der Zahnentwicklung 
in flachenhafter Ansicht beobachten konnten. Beginnend von der embryonalen 
Keimanlage iiber die verschiedenen knospen-, kappen- und glockenférmigen Stadien 
zur Differenzierung der mesenchymalen und epithelialen Anteile bis zur endgiiltigen 
Ausbildung der Zihne. Dagegen kénnen bei Hamstermolaren und besonders bei 
menschlichen Zahnen gleiche Beobachtungen entsprechend der Entwicklung nur 


liber gréBere Zeitabstande hin durchgefiihrt werden. 


Ans. |. Cricetus auratus, Ubersicht, ZA Nagezahnkeimanlage, M Mundhdhie, 
|, H E-Farbung 


ha x 
ms @e"* 


Ass. 2. Cricetus auratus, VergréBerung der primadren Zahnanlage, ZA Zahnkeiman- 
age, NH Nasenhdhie, 150 : 1, HE-Farbung 


Topographisch entstehen die duBersten im Basalende liegenden Keimanlagen 
héhenmaBig ungefihr in der Mitte beiderseitig der Nasenhéhlen (Abb. 1). Sie be- 
stehen aus Plattenepithelzellen, die umgeben vom Mesenchym locker eingebettet 
sind. Zwischen den Plattenepithelzellen befindet sich eine embryonale Grundsub- 
Stanz, die histologisch den Charakter einer Interzellularsubstanz hat (Abb. 2). Auf 
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Ass. 3. Cricetus auratus, entsprechende VergréBerung aus Abb. 2, PE Pflaster- 
epithelzellen, Ob Osteoblasten, Me mesenchymales Gewebe, 300 : 1, HE-Farbung. 





Ass. 4. Cricetus auratus, knospenférmiges Stadium, ZA Zahnkeimanlage, NH 
Nasenhodhle, 150 : 1, HE-Farbung. 
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Pflasterepithelzellen, Ob 


auratus, knospenférmiges Stadium, Pl 
300: 1, HE- 


Ans. 5. Cricetus 
Zellen, Me mesenchymale Zellen, 


Osteoblasten, UE undifferenzierte 
Farbung 


ASE duBeres Schmelizepithel, 


Ans. 6. Cricetus auratus, kappenférmiges Stadium, 
SP Schmelzpulpa, ISE inneres Schmelzepithel, Me mesenchymales Gewebe, 300 : I, 
HE-Farbung 
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Abb. 3 kénnen wir die Epithelzellen, ihre morphologische Struktur und ihre direkte 
mesenchymale Umgebung deutlich erkennen. Zur Nasenhéhle hin und lateral sind 
Osteoblasten festzustellen, welche die Bildung der knéchernen Umgebung iiber- 
nehmen. EntwicklungsmaBig findet durch Mitose eine Vermehrung und somit Aus- 
breitung der Zellen und durch den Wachstumsreiz eine Formgebung der primaren 
Zahnanlage statt. 

Im knospenférmigen Stadium (Abb. 4) ist im Zentrum der Knospe eine Anhau- 
fung von Plattenepithelzellen vorhanden, wahrend peripher schon, wie die Abb. 5 
zeigt, eine Orientierung der Epithelzellen vorliegt. AuBerhalb der Knospe ist unge- 
fahr in Diagonallage nach medial eine Verdichtung der mesenchymalen Zellen fest- 
zustellen. Die Diagonallage der Nagezahnkeime in diesem Stadium stellt einen Be- 


fund dar, den wir in &hnlicher Form von den Hamstermolaren und menschlichen 
Zihnen her kennen. Auch hier findet im Laufe der weiteren Entwicklung, d.h. wenn 
man den Zahn weiter nach ventral verfolgt, eine Aufrichtung bzw. Drehung des 
jeweiligen Zahnanteiles statt. Die am extrahierten Nagezahn angedeutete spiralen- 
férmige Drehung ist entwicklungsmaBig auf die Diagonallage des embryonalen 


Anteiles des Zahnes zuriickzufiihren. 














Ans. 7. Cricetus auratus, glockenférmiges Stadium, ASE fuBeres Schmelzepithel, 
Str Stratum intermedium, SP Schmelzpulpa, G Ganoblasten, P Papille, 210: 1, 
HE-Farbung. 


Die nachste Phase der Entwicklung (Abb. 6) laBt dann, bedingt durch die kappen- 
férmige Ausbildung, das duBere Schmelzepithel, die Schmelzpulpa, das innere 
Schmelzepithe! und die spatere Zahnpapille erkennen. Das duBere Schmelzepithel 
und die Schmelzpulpa liegen im glockenférmigen Stadium (Abb. 7), im Gegensatz 
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zu den Molaren im gleichen Entwicklungszustand, dem inneren Schmelzepithel 
sehr eng an. Direkt iiber dem inneren Schmelzepithel liegt das Stratum intermedium 
mit seinen flachen Epithelzellen. Die Schmelzpulpa, die zwischen dem Stratum in 
termedium und dem duBeren Schmelzepithel liegt, besteht aus sternférmigen Zellen 
mit runden bis ovalen Kernen, deren Auslaufer netzférmig miteinander verbunden 
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Ass. 8. Cricetus auratus, Str Stratum intermedium, G Ganoblasten, PD Pradentin, 
O Odontoblasten, P Zahnpapille, (embryonale Pulpa), 150: 1, HE-Farbung. 


sind. Die inneren Epithelzellen sind die Schmelzbildner oder Ganoblasten, die ge- 


geniiber den duBeren Epithelzellen Differenzierungen durchmachen (Abb. 8).Die 


Kerne der Ganoblasten liegen bis auf ganz seltene Ausnahmen stets schmelzpulpa- 
warts. Gegeniiber den Ganoblasten und zwar pulpawarts stehen die Odontoblasten. 
Die Kerne der Odontoblasten sind pulpawarts gelegen. Die Stellung der Gano- und 
Odontoblasten ist palisadenférmig (Abb. 9). 

Der Hohlraum der Glocke wird von einem verdichteten embryonalen Bindege- 
webe ausgefiillt, der Zahnpapille, der Anlage der spateren Nagezahnpulpa. Ein 
epithelialer Verbindungsstrang, wie wir ihn von den Molaren her kennen und der 
eine Verbindung zur Mundhdéhle hat, ist beim Nagezahn nicht vorhanden. 

Die Nagezahnpulpa dringt mit unverengter Breite in den Zahnkérper ein und 
lauft zylinderférmig allmahlich zur Zahnschneide hin aus. Man kann sagen, dab 
das Pulpenkavum, bzw. die Pulpa im Quer- und Liangsschnitt der duBeren Form 
des Nagezahnes entsprechen. Die Pulpa besteht aus Mesenchymderivaten und zeigt 
in ihrem Aufbau keine wesentlichen Unterschiede zur Molarenpulpa. Lediglich 
finden wir, wie aus der Abbildung 10 hervorgeht, ein gréBeres GefaiBnetz vor, was 
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sicher auf die staéndigen Aufbauvorgainge der Zahnhartsubstanzen zuriickzufiihren 
ist. Die Stoffwechselvorginge sind vermutlich physiologisch umfassender und diirf- 
ten daher eine ausgepragtere Vaskularisierung verlangen. Die BlutgefaBe treten 


Ass. 9. Cricetus auratus, entsprechende VergréfBerung aus Abb. 8, Str Stratum 
intermedium, G Ganoblasten, PD Pradentin, O Odontoblasten, P Zahnpapille, 
630 : 1, HE-Farbung. 


gemeinsam mit den Nerven in ziemlich groBer Anzahl am Foramen apikale in das 
Pulpagewebe ein und teilen sich sehr bald in feinere Zweige auf. Das Kapillar- u. 
Nervennetz reicht auch bei dem Nagezahn bis in die Odontoblastenschicht. 
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Ass. 10. Cricetus auratus, Nagezahn im Querschnitt, PulpagefaBe, 210:1, HE- 
Farbung. 


Die Mineralisation des Dentins, also die Einlagerung von Erdsalzen ist ahnlich 
wie bei den Hamstermolaren und menschlichen Zahnen. Die einzelnen Schichten 
entsprechen der fuBberen Form der Nagezahnpulpa. Aus dem Gesamtaufbau der 
Entwicklung ergibt sich, daB sich an der Dentinpulpagrenze stets die jiingsten und 
an der basalen Schmelzfliche, bzw. auf der palatinalen oder lingualen AuBenflache 
die alteren Dentinschichten befinden. 
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Im Gegensatz zu dem Radialschliff (Abb. 11), wo man die Anbaulinien im pa- 
rallelen Verlauf beobachten kann, liegen sie im Querschliff (Abb. 12) konzentrisch 
angeordnet. Die dadurch entstehende Streifung bezeichnen wir als Owensche Kon- 


Ans. 11. Cricetus auratus, Radialschliff durch einen. Nagezahn, S Schmelz, K 
v. Korffsches Dentin, Ow Owensche Linien, 150: 1, Pol. 


tur- oder Anbaulinien. Interessant ist, wie meine Untersuchungen zeigten, daB die 
Owenschen Linien in Vielzahl und ausgeprigtem Mabe nur bei Tieren auftraten, 
wo Stérungen in der Mineralisation vorlagen. Bei gleichmaBiger Mineralisation 
konnten dagegen keine Owenschen Linien beobachtet werden. 


Ass. 12. Cricetus auratus, Querschliff durch einen Nagezahn, S Schmelz, K 
v. Korfisches Dentin, D Dentin, Ow Owensche Linien, 105: 1, Po! 


Die Zahnbeinkandlchen verlaufen auf der labialen Seite des Zahnes schrag nach 
inzisal zum Schmelz hin (Abb. 13). Der Verlauf ist fast geradlinig. Lediglich kurz 
unterhalb des Schmelzes findet eine Abweichung statt. Wir bezeichnen diese Schicht 
allgemein als v. Korffsches Dentin. Im Radialschliff ist die Schnittrichtung der Ka- 
nalchen in der Mehrzah! der Fille nur im Labialbereich gleichmaBig. Wahrend sie 
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in diesem Anteil stets langs getroffen sind, finden wir in dem lingualen bzw. pala- 


tinalen Bereich haufig quer getroffene Dentinkandlchen, die dadurch dem unteren 
Teil des Zahnes ein véllig anderes strukturelles Aussehen geben. 


Ass. 13. Cricetus auratus, Radialschliff durch einen Nagezahn, Verlauf der Dentin- 
kandlchen, 150: 1, Pol. 


Den bereits bestehenden unterschiedlichen Angaben von KEeIL und SPRETER 
V. KREUDENSTEIN einerseits und PROELL andererseits iiber den Verlauf der Fibrillen 





Ass. 14. Schematische Darstellung des Verlaufes der kollagenen Fibrillen und der 
Apatitkristallite im Ober- und Unterkiefer. Die kurzen Striche stellen die Kristallite 
und die langen Striche die Fibrillen dar. 


und der Apatitkristallchen beziiglich ihrer Hauptachsenrichtung kann ich mich nur 
zum Teil anschlieBen, da meine Untersuchungen—wenn auch geringe—so jedoch 
sehr interessante Abweichungen gezeigt haben. Die von KEIL angegebene und von 
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SPRETER V. KREUDENSTEIN bestatigte Verlaufsrichtung, die Keit in einer Arbeit in 
Form einer schematischen Darstellung reproduziert hat, trifft nach meinen Unter- 
suchungen nur fiir den unteren Nagezahn zu. Bei den Oberkiefernagezihnen dage- 
gen tritt eine Abweichung kurz unterhalb der basalen Schmelzschicht auf, wie aus 


der schematischen Darstellung (Abb. 14) ersichtlich ist. 

Auf Grund des fast kreisf6érmigen Verlaufes der Oberkiefernagezahne ist meines 
Erachtens diese Anordnung, statisch gesehen, auch einleuchtend; denn die Haupt- 
belastung der oberen Zahne liegt verstandlicherweise auf der labialen Seite, nicht 
in der Achsenrichtung der Zahne, sondern vielmehr in der gezeigten Richtung. 
PROELLS Angaben stimmen zwar fiir die oberen Nagezihne annahernd, aber nicht 
fiir die unteren. Den Charakter der Gesamtdoppelbrechung des Dentins habe ich 
bei meinen Untersuchungen beriicksichtigt. Wie schon aus friiheren Arbeiten von 
v. Epner und W. J. Scumipt hervorgeht, wird dieser nicht von den anorganischen 
kristallinen Bestandteilen, sondern von den kollagenen Fibrillen der organischen 
Dentingrundsubstanz bestimmt, die auf Grund ihrer stark positiv doppelbrechen- 
den Eigenschaften die negative Eigendoppelbrechung der Kristallite iiberlagern. 
Deshalb habe ich die Schliffe entkollagenisiert und anschlieBend mit verschiedenen 
Fliissigkeiten, die anndhernd die gleiche Brechzahl wie das Mineralgeriist haben, 
imbibiert. Den Verlauf der Fibrillen und Kristallite konnte ich bei meinen sdmtli- 


chen vorliegenden Nagezihnen beobachten. 


Ass. 15. Cricetus auratus, Radialschnitt durch einen Nagezahn, globulare Ver- 
kalkung des Dentins, Gl Globuli, 300 : 1, HE-Farbung. 


Die primidre Verkalkung erfolgt auch bei den Nagezahnen globular, eine Beo- 
bachtung, die bereits PROELL und SPRETER V. KREUDENSTEIN bei ihren Untersuchun- 
gen an Rattenzihnen gemacht haben und die ich hiermit auch an Goldhamster- 
zihnen bestitigen kann (Abb. 15). Im weiteren Verlauf der Entwicklung findet 
dann—wenn keine St6rungen auftreten—eine Einlagerung von Erdsalzen in die 
Zwischenbezirke der Globuli statt, so daB wir in der Endphase der Entwicklung das 
homogene Bild der Verkalkung vorfinden. Das globulair mineralisierte Dentin kann 
somit als Ubergangsphase zwischen dem normalen und dem vollig mineralfreien 


Dentin angesehen werden. 
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Den SchluB meiner histologischen Studien an den Nagezihnen des syrischen 
Goldhamsters soll eine kurze Betrachtung iiber den Schmelz und das Periodontium 
bilden. Auf Grund der geringen Bedeutung des Schmelzes fiir die experimentelle 
Kariesforschung halte ich eine umfassendere Darstellung nicht fiir erforderlich. 





Ass. 16. Cricetus auratus, Radialschliff durch einen Nagezahn, Pi Partie interna, 
Pe Partie externa, D Dentin, gewodhnl. Licht, 600: 1. 


Gegeniiber dem Hamstermolaren- und menschlichen Schmelz zeigt der Nagezahn- 
schmelz nicht nur in topographischer Hinsicht eine véllige Abweichung, sondern 
auch beziiglich seiner feineren submikroskopischen Struktur. Histogenetisch finden 
wir die Ganoblasten auf der labialen Flache des Zahnes palisadenférmig angeord- 


Ass. 17. Cricetus auratus, Radialschliff durch einen Nagezahn, Pp Pseudoprismen 
nach Korvenkontio, 900 : 1, Pol. 


net. Die Strukturierung erfolgt nach Abscheidung der Fibrillen in die Grundsub- 
stanz, die spater bei Ablagerung von Kalksalzen die Kristalle orientieren. Die an- 
dersartige Struktur der Nagezihne ist vermutlich auf die naturbedingte hohe phy- 
siologische Beanspruchung der Nagezahne zuriickzufihren. 





H. TAatz 


KORVENKONTIO unterteilt den Schmelz in eine AuBen- und Innenpartie (Partie 
externa und Partic interna). Die Partie interna zeigt beim Cricetus auratus auf ihrer 


basalen Fliche am Radialschliff kleine spaltenférmige, unregelm&Bige Hohlriume, 


Ans. 18. Cricetus auratus, Radialschnitt durch das Periodontium eines Nagezahnes, 


girlandenfOrmig angeordnete Gefife, 75 : 1, Bielschowsky-Farbung 


die zum gréBten Teil zwischen den Prismen eingelagert sind (Abb. 16). Die folgen- 
den schrig liegenden parallelen Streifen werden nach KORVENKONTIO als Pseudo- 


prismen bezeichnet, da es sich, wie man an Querschnitten feststellen kann, um 


Ass. 19. Cricetus auratus, stirkere Vergréferung aus Abb. 19, 150: 1 


Querschnittshiguren ecinzelner Lamellen handelt (Abb. 17). Das Vorzeichen det 
Prismen war bei allen untersuchten Nagezihnen hauptsichlich positiv zu ihrer 
Linge. Oft finden wir aber auch negativ doppelbrechende Bezirke innerhalb des 
Schmelzes vor. 





HISTOLOGISCHE STUDIEN AN NAGEZAHNEN DES SYRISCHEN GOLDHAMSTERS 173 


Zum Periodontium ist noch kurz zu sagen, daB auBer auf der labialen Seite auf 
dem iibrigen Nagezahnteil, der sich im Knochen eingebettet befindet, cine hauch- 
diinne Zementschicht liegt. Mikroskopisch laBt sich die Zementschicht nur durch 
einen schmalen Saum um den Zahn erkennen, der gegeniiber dem Dentin ein ande- 


20. Cricetus auratus, Querschnitt durch einen Hamsterschadel, Nagezahn, 
starke Vaskularisierung des Periodontium, 45 : 1, He-Farbung. 


res optisches Verhalten zeigt. Die elastischen Fasern verlaufen in der Richtung ihrer 
Beanspruchung und zwar stets in Zugrichtung. Imponierend ist im Periodontium 
die tiberaus starke Vaskularisierung, die sicherlich auch hier, ahnlich wie bei der 


Nagezahnpulpa auf das standige Wachstum und den somit erhéhten Stoffwechsel 


zuriickzufiihren ist (Abb. 18, 19, 20). Einen weiteren Grund kénnte noch die iiber- 


maiBige Beanspruchung der Zihne wahrend des Nageaktes bilden. 
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CHANGES IN CRYSTAL TYPES OF LOW SOLUBILITY 
CALCIUM PHOSPHATES IN THE PRESENCE OF 
ACCOMPANYING IONS 


H. NEWESELY 


Forschungsgruppe fiir Mikromorphologie, Fritz-Haber-Institut, 
Faradayweg 16, Berlin-Dahlem, Deutschland 


Abstract—Hydroxy apatite Ca,(PO,), OH is very stable in aqueous solutions under 
the conditions of a physiological milieu, but it is difficult to obtain pure hydroxy apatite 
crystals in such solutions. Under these biological conditions, with approximately neu- 
tral pH ranges and moderate temperatures, other calcium phosphates, e.g. tricalcium 


and octocalcium phosphate Ca,H(PO,),.2H,O may also occur. 


phosphate Ca,(PO,) 
if the reaction is largely determined by small quantities of accom- 


The specific course 


panying ions 
In the mineralization of teeth secondary constituents other than calcium and 


blood and saliva, are involved, especially 


phosphate, present in tooth lymph, 
and OH 


in the form of Me* , CO?-, F~, alkali ions, complex formers, as well as H 


fixed by the pH value 


in the concentrat 
the types of crystallization is explainable by epitaxy 


The influence Moreover, 
the colloid chemistry always occur in the formation of hard 


uncertainties due 
phates, as can be seen in the different behaviour of crystallized and 


soluble calcium ph« 
precipitated (amorphous) material. Crystalline reaction products are only obtained 


with suitable concentrations of reaction agents and of the accompanying ions 


The results of in vitro crystallization experiments in the presence of some of 
the above-mentioned ions are reported 


For the formation of apatite structures under biological conditions the presence 


of small quantities of fluoride ions is necessary 


Zusammenfassung—Hydroxylapatit Ca,(PO,),OH ist in wassrigen Lésungen bei 
den Bedingungen des physiologischen Milieus zwar sehr bestdndig; es ist aber 


Unter 


schwierig, reine Hydroxylapatitkristalle in solchen Lésungen herzustellen 
(anndhernd neutraler pH-Bereich, miéassig 
Tri- 


diesen biologische Voraussetzungen 
kénnen vielmehr auch andere Calciumphosphate, z.B 
Ca,H(PO,),.2 H,O ent- 


wesentlichen von kleinen 


erhéhte Temperatur 
calciumphosphat Ca,(PO,), und Oktacalciumphosphat 


stehen. Der jeweilige Reaktionsverlauf wird dabei im 


Mengen begleitender lonen bestimmt 
Bei der Zahnmineralisation kommen fiir diesen Fremdioneneinfluss die Neben- 
bestandteile in Frage, die neben Calcium und Phosphat in Zahnlymphe, Blut und Speichel 


vorhanden sind (insbesondere Mg**, CO?-, F~, Alkaliionen, Komplexbildner, sowie 


H* und OH~ in der durch den pH-Wert bestimmten Konzentration) 

Die Becinflussung des Kristallisationstyps wird durch Epitaxie-Erscheinungen er- 
klart. Dariiberhinaus taucht bei der Bildung der schwerléslichen Calciumphosphate stets 
die kolloidchemische Problematik auf, die sich im unterschiedlichen Verhalten kristal- 
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lisierter und gefallter (amorpher) Stoffe dussert. Nur bei geeigneter Festlegung der 
Konzentration des Reaktionsmittels und der Begleitionen werden kristallisierte Re- 
aktionsprodukte erzielt. Uber unsere Ergebnisse von Kristallisationsversuchen in 
vitro in Gegenwart der genannten lonen wird berichtet. 

Fiir die Apatitstruktur ist bei biologischen Bedingungen die Gegenwart von 


kleinen Mengen Fluoridionen notwendig. 


IN THE PAST, studies of the stable compounds in the calcium phosphate system 
(Ca**/PO?/H,O) have been undertaken largely in experiments using pure chemical 
reagents. However, when considering the mineralization of tooth and bone, account 
must be taken of the fact that besides phosphate and calcium these tissues contain 
a series of secondary ingredients, especially Mg**, CO}-, F~, alkali ions, and complex 
formers. 

This investigation will show how some of these secondary ingredients influence 
the crystallization of calcium phosphates: 

(1) The pure (Ca/PO,/H,O) system contains in aqueous solutions Ca-ions 
and tertiary phosphate ions. These are in equilibrium with hydrogen phosphate 
and OH-ions according to the equation 

PO} +H,O = HPO} +OH (1) 


Therefore in the pure tertiary phosphate system a surplus of hydroxyl ions must 
be present, and the pH of such solutions is accordingly raised (pH 12). 

Under suitable conditions hydroxy apatite crystals Ca;(PO,),OH can be built 
up of the Ca®*, PO; and OH” ions which are contained in the system. A detailed 
report of these conditions (e.g. hydrothermic reactions with Na* ions as minerali- 
zator (HAYEK ef al., 1958) was given at the ORCA Congress in Pavia (NEWESELY, 
1959). 

(2) The pure system is only stable in the highly alkaline range. If the pH is lower, 
i.e. the solution is less alkaline, the equilibrium (1) is shifted to the right and the 


hydrogen phosphate ion appears at an increased concentration in the system. The 
presence of HPO,~~ ions disturbs the formation of pure hydroxy apatite and favours 
the formation of amorphous calcium phosphate precipitates of variable composition, 


TABLE |. TYPES OF CRYSTALLIZATION OF CALCIUM PHOSPHATES 


(a) Hardly soluble Ratio Ca:P (b) More soluble 


Hydroxy apatite Ca;(PO,),OH 55 Secondary calcium phosphate 
CaHPO, 
Tricalcium phosphate (water 3: ‘ and CaHPO,.2H,O 1:1 1,0 
free) Ca,(PO,). 
Octocalcium phosphate + Primary calcium phosphate 
Ca,H(PO,),.2H,O Ca(H,PO,), 1:2 = 0,5 
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with Ca/P atom ratios between 1.3 and 1.5, which therefore do not have the high 
Ca/P atom ratio of hydroxy apatite (1.67). 

The heterogeneity is caused by adsorption phenomena and by such atomic 
disorders as the paracrystalline state. The precipitates therefore cannot be described 
by an exact stoichiometric formula. They are excluded here. 

However, around neutrality a hard soluble crystalline reaction product Ca,H 
(PO,),. 2 H,O octocalcium phosphate may also occur. 

In a heterogeneous reaction by partial hydrolysis of secondary calcium phosphate 
CaHPO,.2H,O, this octocalcium phosphate can be prepared, but only as a micro- 


crystalline product (HAYEK ef a/., 1960). (Fig. 1). 


Fic. 1. Octocalcium phosphate 7200 


Well-developed octocalcium phosphate crystals can be prepared by homo- 
geneous crystallization from a buffered solution (pH = 6°5) at a slightly raised 
temperature (Fig. 2). The temperature required to initiate this reaction is undoubt- 
edly dependent on the pH value of the solution, and decreases with a rise in the 
pH of the solution (Fig. 2a). 

About 0.04 M [Ca] and 0.03 M[P]in 0:2 M sodium acetate buffer give a suitable 
ion concentration. As CaHPO,.2 H,O is more soluble than octocalcium phosphate 
these concentrations are high enough to prevent contamination of the product 
with CaHPO,,. Results of analyses and structural data have already been published 
(NeweseLy, 1960), together with instructions for preparing this homogeneous 
crystallization. Octocalcium phosphate crystals are long thin foils (ruler-shaped 
small crystals). They are chemically and mechanically less stable than hydroxy apa- 
tite. (Fig. 3). 

The crystal data of octocalcium phosphate, especially in comparison with hydroxy 
apatite, are now being investigated. Octocalcium phosphate is richer in energy 
(i.e. more able to react) than the apatite structure. Hence octocalcium phosphate 


is only stable in the above-mentioned conditions, and is sensitive to changes of pH 
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2. Octocalcium phosphate. 


Fic. 2a 


and temperature. Octocalcium phosphate is converted into products with an apatite 
structure at higher pH’s (i.e. with more hydroxyl ions) and at higher temperatures. 

The tendency towards such structural conversions occurs not only with the addi- 
tion of OH~ ions but also to an obvious degree in the presence of certain other 
accompanying ions. 

(3) The effect of the magnesium ion and similar divalent ions (iron, manganese) 
is already known (HAYEK AND NeweseLy, 1958). It leads to the formation of the 
structure of the anhydrous tricalctum phosphate Ca,(PO,), which otherwise is 
unknown in aqueous solution. 

(4) Also in this connexion the effect of small quantities of fluoride in influencing 
the structure is especially noteworthy. In the presence of small quantities of fluoride 
(10-100 wg F~/1000 ml) a reaction product with an apatite structure instead of 


octocalcium phosphate is formed immediately by homogeneous crystallization. 
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Octocalcium phosphate crystals which had previously been formed are converted 
into apatite in a heterogeneous reaction. The appearance of the apatite phase has 
been followed by X-ray diffraction and can without doubt be traced to the proceeding 
of the triplet-lines 321/310/402. This interesting phenomenon is an example of the 
effect of crystal germs in determining structure by epitaxy (the growing of crystal 
layers on a similar crystal grid). 


TABLE 2. THE INDUCING OF THE APATITI 
STRUCTURE BY FLUORIDE IONS 


Concentration FI 


X-ray diagram 
(ug/ 1000 ml) , és 


0 OCP 

10 OCP 

20 Apatite? 
100 Apatite 


It is well known that fluoride and hydroxyl ions can substitute for each other 
isomorphously in the apatite lattice. In this interesting physiological milieu the 
concentration of OH ions is very low; the pH value 7 is equivalent to a [OH] con- 
centration of 10~* mol/l, i.e. 1 ~g OH~/1000 ml. This concentration is much less 
than that necessary for the formation of apatite or even of apatite germs at physio- 
logical temperatures, 

The level of fluoride needed for forming crystal germs of fluor apatite, i.e. fluor 


hydroxy apatite, may be calculated from the atomic weight of fluorine (19), the 
molecular weight of fluor apatite (1008), and the solubility of fluor apatite (~ | 
mg/1000 ml H,O): 


- | mg = 20 yg F/1000 ml H,O 
1008 


This theoretical result corresponds closely to the value found by experiment of 10- 
100 wg of fluoride, which is sufficient to induce conversion. 

[he apatite structure of the crystal germs which is thereby made possible is 
impressed on the successive lattice planes. The necessary hydroxyl ions can be taken 


from the reservoir of the equilibrium 
HPO, H,O = H,PO, + OH (3) 


Thus in the formation of the crystal germ the fluoride concentration acts as a sub- 
stitute for the higher pH value required for apatite formation. Formally the fluoride 
concentration can be expressed as a pF value similar to the pH value: 

fluoride in drinking water: about 0-2 mg/1000 ml 

[F] = 0-2 mg = 200 ug = 10°* mol 

[F] = 10° = pF 5 
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pOH =52 pH = 9, 
as H* -OH 10-** (24°C) (4) 
This fluoride concentration may be equated to the basic pH value, which lies far 
outside the range of stability of octocalcium phosphate and thus induces the apatite 
structure important for the normal tooth mineralization. In this context this phenom- 
enon suggests that fluoride should be regarded as an essential trace element. 
With reference to the detailed report on this problem by CREMER (1955) at the 
ORCA Congress in Geneva, the inducing of the apatite structure by fluoride ions 
underlines the importance of a sufficient quantity of fluoride being available at the 
earliest possible moment so as to influence the embryo. 


Homogeneous Crystallisation 
0,04M CaCle 
0,03M NaH2PO4/ NasHPO4(pH-6,5) 
in 0.2M No-acetate (pH=-6,5) 
Additior 

mg Carbonate/iOOO mi solution 


Fic. 3. Disturbing of crystal growth at the presence of Carbonate-ions. 


The mineralization of the enamel matrix should not only be complete in quan- 
tity, but also correct in quality, i.e. as a fixed co-ordination of apatite crystals and 
the organic enamel matrix in the early state of mineralization. Other calcium phos- 
phates are less well suited for this purpose (NEWESELY, 1961). 

(5) It is not clear what influence, if any, the relatively high content of carbonate 
of the tooth (3-4 per cent) has on the apatite structure. According to the latest 
results (MCCONNELL, 1960), which, however, have not been carried out with mono- 
crystals, carbonate is able to substitute for phosphate groups in the apatite lattice. 

Changes of structure in the aqueous calcium phosphate system produced by 
accompanying carbonate ions are not found, but a content of more than 50 mg 
CO}-/1000 ml disturbs the crystallization of calcium phosphate (Fig. 3). The in- 
creasing obstruction of growth is to be explained by the irreversible blocking of 
the growth layers of the phosphate crystals by adsorbed carbonate ions. 

Such explanations stress the important part which accompanying inorganic 
ions may play in affecting the structure of mineralizing tissues in biological 
milieux. 
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Finally, | would like to emphasize that the heterogeneous results of the investiga- 


tions of the chemical nature of tooth, calculus and nephritic stones can be explained 
by the influence of accompanying ions on their structure. Tooth, calculus and 
nephritic stones are said to contain hydroxy apatite and also tricalcium phosphate 


carbonate phosphate and octocalcium phosphate. 
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DER FLUORGEHALT VON TRINKWASSERN AUS 
VERSCHIEDENEN GEOLOGISCHEN FORMATIONEN 
THURINGENS 


G. HENKEL 


Klinik fiir Zahn-, Mund- und Kieferheilkunde der Friedrich Schiller Universitat, Bachstrasse 18, 
Jena/Thiir., Deutschland 


Zusammenfassung—Seit 1955 werden in verschiedenen geologischen Formationen 
Thiirigens die Fluorgehalte der Trinkwasser bestimmt. Es lagen bis Ende des Jahres 
1960 weit iiber 3000 Analysen vor. Die Wasser entstammen der Buntsandsteinfor- 
mation, dem Muschelkalk und dem Keuper. Weiterhin wurden zwei Gebiete mit Bunt- 
sandsteinformationen untersucht, die zu den Salzlagerstatten gehéren. 

Hydrologische Betrachtungen zeigen, daB gréBere Wasserreserven und Grund- 
wasserfiihrungen im Buntsandstein vorliegen. Muschelkalk- und Keuperschichten haben 
stark unterschiedliche Wasserfiihrungen. Der Vergleich zwischen verschiedenen 
Quellen in den einzelnen Gebieten weist in einigen Fallen auf gleichmaBige Veran- 
derungen des Fluorgehaltes hin. Die reinen Buntsandsteinformationen haben eine 
jahrliche Fluorfiihrung von 0,205 mg F pro Liter, die Muschelkalkformationen 0,320 
mg F. Die Buntsandsteinformationen im Kalibergbaugebiet und im Solbadegebiet 
haben einen Durchschnitt von 0,380 bis 0,450 mg F. Trinkwasser aus der Saaleaue 
haben 0,145 mg F, das Keupergebiet dagegen 0,250 F. Eine fiinfjahrige Beobachtung 
in einem Muschelkalktal in der Nahe Jenas zeigt trotz groBer Schwankungen zwischen 
den Analysen sehr gute Jahresdurchschnittswerte von 0,220 bis 0,240 mg I 

Neue Gebiete werden zur Zeit untersucht. Die kariesstatistischen Auswertungen 


werden spater ver6ffentlicht. 


Das LAND Thiiringen hat einen wechselvollen geologischen Aufbau. Es gleicht 
etwa einem Becken, dessen Rander im Norden durch die Auffaltung des Harzes 
und im Siiden durch die Auffaliung des Thiiringer Waldes stark nach oben gebogen 
sind. Dadurch kommt es, daB die in diesem Becken meist horizontal tibereinander 
gelagerten geologischen Schichten in den Randgebieten aufgew6lbt wurden. So 
sind durch Verschiebungen, Aufstellungen und Verlagerungen der Gesteinsschichten 
Gebiete entstanden, die in ihrer Abwechslung nicht nur dem Geologen oder Mine- 
ralogen, sondern auch dem Hydrologen und Geographen, dariiber hinaus aber 
auch dem Wanderer viele Anregungen und aufschlussreiche Beobachtungen bieten. 

Als kleiner Ausschnitt aus solchen Beobachtungen wurden seit Jahren die Fluor- 
aufkommen verschiedener Trinkwasser in unterschiedlichen geologischen Forma- 
tionen Thiiringens iiberpriift. Hier und da haben die Ergebnisse zum Teil in Verbin- 


dung mit den uns beschadftigenden Fragen des Kariesbefalls bereits Niederschlag 
in Veréffentlichungen gefunden (HENKEL, 1957, 1960, 1961; HOFFMANN, H., 1958; 
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HOFFMANN, U., 1958). Bisher ist es jedoch unterblieben, verschiedene Gebiete 
miteinander zu vergleichen. Da sehr zahlreiche Analysen durchgefiihrt wurden, 
die sich auch iiber lingere Zeitriume erstreckten, konnte eine Obersicht erst jetzt 
zusammengestellt werden 

Die Untersuchungsergebnisse, die in diesem Bericht vorliegen, bauen sich auf 
etwa 3300 Einzelanalysen auf, die von 1955 bis zum Ende des Jahres 1960 gesam- 
melt wurden. Die Untersuchungen laufen in einigen Gebieten weiter. Neue Gebiete 
sind bereits mit einbezogen. Ober sie kann wegen der geringeren Zahl von Analysen 
zur Zeit noch nichts mitgeteilt werden. 

Die Untersuchungen haben sich zundchst von Jena und seiner weiteren Umge- 
bung aus entwickelt. Wahrend in einer gut tibersichtlichen Muschelkalkformation 
ein Teil des Trinkwasseraufkommens fiir Jena sehr sicher gepriift werden konnte, 
reizte zuglieich die geologische Tatsache, daB mitten durch Jena Buntsandsteinfor- 
mationen und Muschelkalkblécke nebeneinander an die Oberflache treten, zu 
weiteren Vergleichen. In der Umgebung Jenas bis zu cinem Umkreis von 40 bis 
50 km wurden dariiber hinaus die Trinkwasseraufkommen sidmtlicher Orte 
mehrfach tiberpriift und auf Fluor untersucht. Weiterhin sind in Jena und seiner 
naichsten Umgebung in der Saaleaue Brunnen angelegt worden, so dab hier Grund- 
wiisser alluvialer Schichten gepriift werden kénnen, die dem Buntsandstein auf- 
liegen 

Buntsandsteinformationen stehen dariiber hinaus auch im westlichen Teil Thi- 
ringens, nimlich im Kalibergbaugebiet zwischen Bad Salzungen und Vacha, an 

Nérdlich von Jena noch im Saaletal finden wir bekannte Solbadegebiete der 
Orte Bad Sulza und Bad Késen. Auch hier wurden die Trinkwiasser tiber cin Jahr 
lang regelmaBig untersucht. Vergleichende Ergebnisse wurden weiterhin aus dem 
um Erfurt gelegenen Keupergebiet zusammengetragen. Zahlreiche kleinere Ort- 
schaften sind hierbei erfaBbt worden, und nahezu 400 Analysen geben uns auch aus 
diesem Gebiet AufschluB iiber das Fluoraufkommen von Trinkwassern in diesen 
Formationen 

Das Wasscraufkommen im allgemeinen in den verschiedenen geologischen 
Formationen Thiiringens ist durch Hoppe (1952) nadher untersucht worden. Seine 
Beschreibungen und Feststellungen dienen vor allem Fragen der Wasserversorgung 
der Bevélkerung und der Industrie. Nur fiir einzelne Gebiete liegen analytische 


Untersuchungen vor, die sich jedoch wenig oder fast gar nicht auf Spurenelemente 


bezichen. Trotzdem sind uns einige Hinweise, die die Wasserfiihrung in den un- 
terschiedlichen geologischen Schichten betreffen, wertvoll. Sie sollen kurz skizziert 


werden 


Unterer und mittlerer Buntsandstein 
Er findet sich in den von uns untersuchten Gebieten der Werra (Westthiiringen) 
und zwischen Saale und Elster (Ostthiiringen) stark verbreitet (Abb. 1). Seine Aus- 
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bildung ist sehr unterschiedlich. Grobkérnige Schichten wechseln mit denen feineren 
Kornes ab, und auch die tonigen Bindemittel sind unterschiedlich. Der mittlere 
Buntsandstein tritt besonders im Gebiet von Jena und Kahla hervor. Im allgemeinen 
hat diese geologische Formation fiir die Wasserversorgung gréBte Bedeutung. 


XY 


Schkol 


af Le 
Dor nburt q 


= 


Ans. |. Hydrogeologische Karte von Jena und Umgebung (Hoppe) grund- 
wasserarm (ob. Buntsandst., R6t; mittl Keuper) grundwasserreich, wech- 
kalk, unter Keuper) Grundwasserfiihrung stark wechselnd (Sandsteine) 


grundwasserreich (unt. u. mittl Buntsandst., ob. Keuper, Sandsteine) 


Trotzdem ist in einzelnen Gebieten das Wasseraufkommen unterschiedlich. In der 
Nahe von Jena ist eine reichliche Wasserfiihrung nachzuweisen. Die Wasservorrate 
auch nach laingerer Trockenzeit sind bei den Buntsandsteinquellen ausreichend. 
Auf héhere Niederschlige reagieren sie erst nach langerer Zeit, oft nach Wochen. 
Die Buntsandsteingrundwasser sind in ihrer Qualitét nicht so stark gleichbleibend 
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wie die Buntsandsteinguellen. Einen kleinen Einblick gewahrt uns ein von Hoppt 
veréffentlichtes Profil durch das ostthiiringische Buntsandsteingebiet (Abb. 2). 
— sO 


Burgou 
b Jena Rutha 


Molbitz Weltewitz 
Grossbockedra bei Neustodt 


Societo! FRodotal 50 Oriatal 


Ass. 2. Profil durch das ostthiiringische Buntsandsteingebiet vom Schiefergebirge 
bis zum Saaletal bei Jena. Buntsandsteintiefbohrungen bei Burgau und im Rodatal 
(Hoppe) 
Oberer Buntsandstein oder Rot 
Er ist fiir unsere untersuchten Quellen wichtig, da er unter dem kliftigen Mu- 
schelkalk gelegen ist und zu Quellhorizonten fiihrt. An ihm treten die Quellen entweder 
unmittelbar oder unterhalb des Muschelkalkhangschuttes auf (Abb. 3, 4). 


NO 





Toe 
— 
T T | 


Ooxxxm Unterer Muschelkolk aeyyyers 


500m 





~ 
Ass. 3.*Profil des ‘Fiirstenbrunnens von W6llnitz bei Jena. Quellhorizont am Rét- 
” > = — or = 
mergel (Hoppe) 


ONO 


Ass. 4. Profil Lichtersberg-Mave, Hangschuttquelle (Hoppe) 
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Muschelkalk 

Die Muschelkalkformationen Thiiringens sind untereinander weitgehend dhnlich 
und weisen bei weitem nicht solche Unterschiede auf, wie es die Buntsandstein- 
formationen unter sich tun. Die Wasserfiihrung wird von der physikalischen Be- 
schaffenheit des Gesteins bestimmt und ist von mir eingehender in den Beobachtun- 
gen iiber die Fluorfiihrung des Trinkwassers aus dem Miihltal bei Jena beschrieben 
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Ass. 5. Hydrogeologische Karte vom Keupergebiet (Vergl. Abb. 1) (Hoppe). 


worden. Meist sind as Schichtquellen oder Hangschuttquellen, die uns das Wasser 
liefern. Die Wasser fliessen im Muschelkalk sehr rasch ab. Das Wasservorkommen 
geht in trockenen Zeiten auBerordentlich stark zuriick. Die von mir gepriiften 
Wassermengen, die zu den Niederschligen in Vergleich gesetzt wurden, decken 


sich mit denen von Hoppe beobachteten fast vdllig. 
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Keuper 
In unserer Beobachtungsreihe tritt er besonders im Thiiringer Becken zutage 
(Abb. 5). Seine Formationen sind um Erfurt starker entwickelt. Seine Schichten 


sind jedoch sehr unterschiedlich in ihrer Beschaffenheit. Meist finden wir sehr flach 
liegende Quellen, die auf undurchlassigen Keupermergeln ruhen. Sehr unsicher ist 
dadurch die Wasserversorgung in trockenen Zeiten. Die von uns untersuchten Orte 


leben beziiglich des Trinkwassers fast durchwegs von Quellen, wahrend Grundwas- 


serbohrungen nur fiir die Versorgung gréBerer Orte durchgefiihrt werden. 


4 - 


Ans. 6. Hydrogeolog. Karte vom Werragebiet (Vergl. Abb. 1) (Hoppe) 


Alluvium 

Aussagen iiber die Wasserfiihrung in alluvialen Schichten sind sehr schwierig 
zu machen. Jeder Brunnen weist besondere Verhiltnisse auf. Meist sind die durch- 
flossenen Formationen sehr wechselhaft. In den Saaleauen stromaufwarts von Jena 
kommen die Trinkwasser mit den darunter liegenden Buntsandsteinschichten in 
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engste Beriihrung. Bei Wassern, die solchen alluvialen Schichten entstammen, ist 
nichts weiter iiber Spurenelemente ausgesagt. 

Die folgenden Untersuchungsergebnisse sind sowohl nach Gebieten als auch 
nach Jahren zusammengefaBt. Es wurde das Monatsmittel der Fluorfiihrung 
berechnet. 

Das Fluoraufkommen der verschiedenen Brunnen in Werrakaligebiet ist nicht 
gleichmaBig (Abb. 6). Ein Vergleich der Trinkwasser von Merkers, Bad Salzungen, 








| 
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Ans. 7. Fluorfiihrung der Trinkwasser im Kalibergbaugebiet. 
Dorndorf, Vacha I, Vacha I], Hadra, Brunnen I und Brunnen III zeigt hin und 
wieder Zeiten gleichmaBigen Fluoranstieges oder auch -riickganges. Die Schwan- 
kungen sind offensichtlich nicht periodisch, sondern durch duBere Einfliisse bedingt. 

















Ass. 8. Fluorfiihrung der Trinkwasser im Kalibergbaugebiet. 


Der Zeitpunkt solcher Verdnderungen ist bei einigen Brunnen anndhernd gleich 
(Abb. 7, 8). 
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Erneute Priifungen des Fluorgehaltes der Miihltalquellen in Jena, die in der 
Muschelkalkformation liegen, laBt—wie schon friiher festgestellt—jahreszeitliche 
Schwankungen erkennen. Die Unterschiede sind nicht sehr erheblich (Abb. 9). 








- . eee 
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Ass. 9. Fluorfiihrung der Trinkwasser im Muschelkalk vom Miihlital (Jena) und in 
der Saaleaue bei Burgau 


Die Analysen der Trinkwasser aus der Saaleaue bei Burgau ergeben einen ziem- 
lich gleichmadBigen Fluorgehalt, der kaum beachtenswerten Schwankungen unter- 
worfen ist (Abb. 9). 

Die iiber einjihrige Beobachtung im Keupergebiet zeigt im Friihjahr einen Abfall 
des Fluorgehaltes, der offenbar mit der im Sommer einsetzenden Trockenzeit wieder 
etwas ansteigt und dann iiber Monate hinaus gleichbleibt (Abb. 10). 





Ass. 10. Fluorfiihrung der Trinkwasser im Keupergebiet 


Recht iiberraschende Ergebnisse zeigt das Solbadegebiet von Bad Sulza und 
Bad Késen. Obwohl vier Quellen verschiedener Lage untersucht wurden, sind 
annadhernd iibereinstimmende Schwankungen in der Fluorfiihrung festzustellen 
(Abb 11, 12). 

Bei einem Vergleich der Fluorfiihrung in den verschiedenen Untersuchungsge- 
bieten ergeben sich sehr gute Durchschnittswerte. Wie am Anfang der Darstellung 


bereits hervorgehoben wurde, liegen diesen Durchschnittswerten rund 3300 Analysen 


zugrunde. In den nachfolgenden Ubersichten sind auBer den Untersuchungsge- 


bieten noch die Jahre der Untersuchung und die Anzahl der Analysen vermerkt. 
Den niedrigsten Fluorgehalt weisen die Grundwiasser der Saaleaue auf (Abb. 13). 
Er erreichte im Jahre 1959 den Durchschnittswert von 0.145 mg F/I. Durch 


Zuleitung weiterer Brunnenwisser, die am Rande der Saaleaue liegen, wurde 1960 
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der Durchschnittswert auf 0,190 mg F/I erhéht. Im Muschelkalkgebiet des Miihlta- 
les von Jena bleibt von 1955-1960 bei insgesamt 405 Analysen das Fluoraufkom- 
men fast véllig gleich. Die Schwankungen der Werte kénnen sehr wohl Beobach- 
tungsungenauigkeiten bei der Analyse sein (Abb. 13). Auch das Keupergebiet 
um Erfurt bleibt mit 0,250 mg F/I dem Muschelkalkgebiet gleich. Auch hier liegen 
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Ass. 11. Hydrogeologische Karte vom Solbadegebiet Bad Sulza u. Bad Késen 
(Vergl. Abb. 1) (Hoppe). 


ausreichende Analysen, nimlich 378 vor (Abb.13). In den Jahren 1958 bis Ende 
1959 wurden nun auch im Kalibergbaugebiet in 9 verschiedenen Orten laufend 
Trinkwasserproben entnommen. Die Gesamtzahl der Analysen ist 1559. Die ein- 
zelnen Wasserentnahmestellen, die sowohl Brunnen als auch Wasserleitungen 


betreffen, unterschieden sich nur sehr gering voneinander. Die Schwankungen 
bewegen sich von 0,380 bis 0,450 mg F/I (Abb. 14). 
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Zu gieichen Fluorwerten kamen wir bei den Trinkwasseranalysen im Solbade- 
gebiet Bad Sulza und Bad Késen. Die vier untersuchten Trinkwisser zeigen gleichen 
Anstieg oder Abfall in der Fluorfiihrung. Der Fluorgehalt ist der gleiche wie in der 


Werraaue (Abb. 15). 





Ass. 12. Fluorfihrung der Trinkwiasser im Solbadegebiect 


Muschelkalk 
Jena-Miihltal 1955-1956 0,236 mg F/! 
1957-1958 0,244 
1959 0,221 
1960 0,226 
Saaleaue 
Jena-Burgau 
lief brunnen 1959 0.145 
1960 0,190 
Keuper 
Erfur 1959-1960 (n ' 0.250 


Ass. 13. Fluoraufkommen der Trinkwasser im Jahresmittel 


Die sehr hohe Anzahl der Analysen gibt uns eine weitgehende Sicherheit, dab 
die Fluorwerte in den ecinzelnen Gebieten nicht durch Zufialligkeiten beeinfluBt 
sind. Wir kénnen also die Ergebnisse als zuverlissig ansehen. Vergleichen wir die 


Messungen mit den hydrogeologischen Betrachtungen, wie sie uns Hoppe bictet 
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Kalibergbaugebiet 
Werra-Aue 
Buntsandstein 
Brunnen | 1958 0,380 mg F/I. 
(n 235) 
1959 0,380 
Brunnen Ill 1958 0,380 
(n 205) 
1959 0,410 
Dorndort 1959 (n 78) 0,410 
Vacha I 1959 (n 177) 0,450 
Vacha Il 1959 (n 177) 0,430 
Hadra 1958 _ 0,400 
1959 ee a 0,410 
Salzungen 1959 (n 178) 0,410 
Merkers 1959 (n 176) 0,400 


Ass. 14. Fluoraufkommen der Trinkwasser im Jahresmittel. 


Solbadegebiet 
Bad Sulza 
Lanitzquelle 104) 0,420 mg F 
Brihlquelle 104) 0,420 


Bad Késen 
Pumpstation (n 104) 0,400 
Schulpforta (n 104) 0,450 


Ass. 15. Fluoraufkommen der Trinkwasser im Jahresmittel. 


so finden wir einen Hinweis fiir die Erklarung des Fluoraufkommens. Muschelkalk 
und Keuper sind zum Teil verwandte Formationen. Der Buntsandstein weist andere 
chemische Zusammensetzungen auf. Sowohl im Solbadegebiet wie im Kalibergbau- 


gebiet stoBen wir auf umfangliche Buntsandsteinformationen, die allerdings ihr 
Trinkwasser nicht im urspriinglichen Zustand liefern. Es machen sich hier offensicht- 
lich Einfliisse der Salzlagerstatten bemerkbar. Vergleichen wir namlich hierzu 
die Messungen in den Buntsandsteinformationen im Siidosten von Jena, so finden 
wir bei 101 Analysen einen Durchschnittswert von 0,250 mg F/I, der also dem des 
Keupers und des Muschelkalkes im Mihltal bei Jena gleichkommt (Abb. 16). 


Buntsandsteinformation 
Siidosten von Jena (n 101) 0,250 mg F/! 
Muschelkalkformation 


Nordwesten von Jena 0,320 


Ans. 16. Fluoraufkommen der Trinkwasser im Jahresmittel 


Das vorliegende Analysenmaterial gestattet uns Vergleiche zu ziehen, da die 
Untersuchungen sehr umfanglich sind. Wichtig ist, daB das Fluoraufkommen von 
Trinkwassern, die gut bekannten geologischen Formationen entstammen, gemes- 
sen werden konnte. Der Vergleich ist einwandfrei fiir die Muschelkalk-, Keuper- 
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und Buntsandsteinformation durchzufiihren. Im Muschelkalk und Keuper sind 
im allgemeinen stirkere Schwankungen in der Wasserfiihrung zu erwarten als im 
Buntsandstein, wo das Wasseraufkommen im Durchschnitt bestdndiger ist. Det 
Fluorgehalt ist im Muschelkalkgebiet etwas héher. Sehr auffallend ist der Einflub 
anderer geologischer Formationen auf die Quellen und Brunnen des Buntsandsteins 
im Werra- und Solbadegebict. Da lingere Beobachtungszeiten vorliegen, kénnen die 


Ergebnisse nicht zufadllig sein. Der Fluorgehalt der Brunnen in der Saaleaue ist 


niedrig. Die mitgeteilten Untersuchungsergebnisse sollen dazu dienen, Vergleichs- 


werte fiir andere geologische Formationen und andere Lander zu schaffen. Noch 
nicht abgeschlossen sind len untersuchten Gebieten Thiiringens die kariessta- 


tistischen Auswertungen. Sie sollen spdtcr veréifenthcht werden. 
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CHEMISCH-TECHNISCHE ERFAHRUNGEN DER 
TRINKWASSERFLUORIDIERUNG IN 
KARL-MARX-STADT 
Il. BERICHT 


H. LINGELBACH 


Bezirks- Hygiene- Institut, Wasserhygiene, Herwegstrasse 3, Karl-Marx-Stadt, Deutschland 


Zusammenfassung—Scit der Inbetriebnahme der Fluoridierungsanlage wurde eine Rei- 
he von chemisch-technischen Erfahrungen gesammelt, wodurch Mangel behoben und 
Verbesserungen in der Dosierung vorgenommen werden konnten. Die Dosierung 
wird durch unterschiedliche Fluorwerte im Rohwasser, durch den wechselnden Na.SiF,- 
Gehalt der Chemikalie und durch Léslichkeitsschwierigkeiten beeinflusst. Der F’- 
Gehalt des Rohwassers aus den verschiedenen Talsperren schwankt zwischen 0,05 und 
0,35 mg,!, der Na,SiF,-Gehalt liegt zwischen 88 und 95 Prozent. Léslichkeitsschwierig- 
keiten ergaben sich unter anderem durch das Abwerfen der Chemikalie in den Lése- 
behalter und durch schwankende Temperaturen des Lésewassers. Eine Aufheizung 
des Lésewassers wire mit einer Erhéhung der Fluoridierungskosten bis zu 110 Prozent 
verbunden und wurde als unwirtschaftlich verworfen. Samtliche chemisch-techni- 
schen Schwierigkeiten der Dosierung konnten inzwischen soweit behoben werden, 
dass sich der Fluorgehalt des Trinkwassers zwischen 0,9 und 1,1 mg/l bewegt. Die 
Gesamtkosten der Trinkwasserfluoridierung liegen bis jetzt bei 7,7 Dpf pro Kopf und 
Jahr der Bevélkerung. Im Zusammenhang mit der Dosierung stehende Korrosions- 
fragen konnten durch den Einsatz geeigneter Materialien gelést werden. Eine befiirch- 
tete Rostabtragung im stidtischen Wasserrohrnetz, sowie “Fluorzehrungen” wurden 
bis jetzt nicht festgestellt 

Abstract—Since the fluoridation plant came into use, a number of chemical and tech- 
nical experiences have been obtained by which deficiencies can be removed and im- 
provements in dosing made. The dosing depends on the various fluorine values of the 
water in the pipes, on the variable Na,SiF, content of the chemical and on difficulties 
with regard to solubility. The F’-content of the piped water from various sources 
moves between 0°10 and 0°35 mg/l. while the Na,SiF, content lies between 88 and 
95 per cent. Difficulties with regard to solubility were found in several ways such as 
through dropping the chemical into the solution vessel and through the varying tem- 
peratures of the water used for solution. Raising the temperature of the water 
in which the chemical has to dissolve would cause the cost of fluoridation to increase 
by 110 per cent; it was rejected as an uneconomical proposition. The chemical-technical 
difficulties of giving the appropriate dose could meanwhile be solved in so far as the 
fluorine content of the drinking water lies between 0-9 and I'l mg/l. At the present 
moment the total expense of the fluoridation of drinking water is 7-7 German Pfennig 
(roughly 1'.d.) annually per head of the population. Problems of corrosion in connexion 
with the dosing could be solved through the use of appropriate materials. It was fear- 


ed that rust would show up in the water pipes of the town and that the pipes would 


show damage through fluorine application; so far however neither have been observed. 
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Serr 1} Jahren wird das gesamte Trinkwasser der ca. 300 000 Einwohner zahlenden 
Stadt Karl-Marx-Stadt fluoridiert. Wahrend dieser Zeit wurden durch das Sammeln 
einer Reihe chemisch-technischer Erfahrungen verschiedene Mingel in der Fluordo- 
sierung aufgedeckt und behoben. Dadurch konnte die Durchfiihrung der Trinkwas- 


serfluoridierung wesentlich verbessert werden. 


Karl-Marx-Stadt erhalt sein Trinkwasser aus vier Talsperren, deren Fluorge- 
halte unterschiedlich sind und auBerdem in sich schwanken. Der Schwankungsbe- 
reich dieser Talsperrenwiasser liegt zwischen 0,05 und 0,35 mg/l Fluor-lon. Die 
Nutzung der einzelnen Talsperren erfolgt nach wasserwirtschaftlichen Gesichtspunk- 
ten und zwar so, da® beziiglich der Trinkwasserfluoridierung im giinstigsten Falle 
iiber einen Zeitraum Wasser aus einer Talsperre entommen wird, im ungiinstigsten 
Falle dagegen Mischwasser aus allen vier Talsperren. Durch haufige Kontrollen 
des Fluorgehaltes des zur Aufbereitung kommenden Rohwassers, besonders dann, 
wenn die Mischungsverhaltnisse der einzelnen Talsperrenwasser verindert werden. 
wird die Méglichkeit von Dosierungsschwankungen, hervorgerufen durch den 
unterschiedlichen Fluorgehalt des Rohwassers, weitgehend ausgeschaltet. Eine 
weitere Fehlerquelle fiir die Dosierungsgenauigkeit stellt der schwankende Na.Si F,- 
Gehalt der zur Verwendung kommenden technischen Natriumsilikofluorid-Chemi- 
kalie dar. Bei der Einzeliiberpriifung des Inhaltes simtlicher angelieferten Chemi- 
kaliensdicke wurde festgestellt, daB der Na,Si F,-Gehalt zwischen 88 und 95 Prozent 
schwankte. Riickfragen im Herstellerbetrieb ergaben, dab die Chemikalie in Chargen 


von 200 kg hergestellt wird und jeweils einige Chargen beim Trocknungsprozess 


gemischt werden. Dadurch werden gréBere Schwankungen im Na.Si F,-Gehalt der 
< < < a 6 


Chemikalie teilweise ausgeglichen. Die Schwankungen des Fluorgehaltes im Rohwas- 
ser und in der Chemikalie erschweren eine genaue Fluordosierung, da die Fluor- 
werte im Trinkwasser bei gleichbleibender Einstellung der Dosierungsmaschine 
zwischen 0,85 und 1,15 mg/! liegen kénnen, wie die in diesem Zusammenhang durch- 
gefiihrten Messungen zeigten. Die Anpassung der Dosierung an die verinderli- 
chen Fluorgehalte des Rohwassers und der Dosierungslésung konnte durch entspre- 
chendes Umstellen der Dosierungsmaschine erst nachtraglich erfolgen, nachdem der 
Fluorgehalt des Trinkwassers im Laboratorium ermittelt worden war. Um zur 
Verhinderung von Fluorschwankungen im Trinkwasser kurzfristig Umstellungen 
der Dosierungsmaschine vornehmen zu kénnen, wird seit einiger Zeit von dem 
Meister, der die Maschine bedient, der Fluorgehalt des Rohwassers, der Dosierungs- 
lésung und des fluoridierten Wassers in kurzen Zeitabsténden an Ort und Stelle 
gemessen. Fiir diese Betriebskontrolle wird das Zirkon-Alizarin-Verfahren verwendet. 
Die Messungen erfolgen mit einer Vergleichsreihe in NeGlerzylindern. Nach einer 
Stunde Reaktionszeit kénnen einwandfrei in einem Messbereich von 0-1,3 mg/l 
Fluor-lon Konzentrationsunterschiede von 0,05-0,1 mg/l ohne optische Hilfsmittel 
erkannt werden. Das Zirkon-Eriochromcyanin-Verfahren, das sich fiir diese Art der 
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visuellen Betriebsmessung nicht eignet, und fiir die Uberwachung im Hygiene-Ins- 
titut sowie im Wasserwirtschaftsbetrieb verwendet wird, stimmt hinsichtlich der 
MeBgenauigkeit mit der Zirkon-Alizarin-Betriebskontrolle véllig iiberein. Die an 
Hand dieser Betriebskontrolle ermittelten Fluorwerte des Rohwassers und der 
Fluordosierungslésung werden auf einem Nomogramm fir die in Abhdangigkeit 
von den Fluorgehalten des Rohwassers und der Dosierungslésung einzustellende 
Dosierungsmaschine ausgewertet. 

Eine andere Fehlerquelle wurde hinsichtlich der Beeintrachtigung der Dosie- 
rungsgenauigkeit in der differierenden Konsistenz der Chemikalie entdeckt. Die 
Konsistenz des zur Anwendung kommenden Natriumsilikofluorids schwankt 
zwischen staubfeiner und feinkérniger Beschaffenheit. Wahrend die staubfeine 
Chemikalie zur Briickenbildung neigt und teilweise durch Beklopfen der Bunker- 
winde in die Wagevorrichtung gebracht werden muf, floB das kérnige Material 
nach Ausschalten des Antriebsmotors weiter durch die Férderschnecke in den 
Wiigebehilter und verhinderte die exakte Einhaltung des vorgesehenen Chemi- 
kaliengewichtes zur Herstellung der Dosierungslésung. Durch Einbau einer verstell- 
baren Ablenkvorrichtung wurde der Férdermechanismus auf die jeweilige Konsi- 
stenz des Natriumsilikofluorids abgestimmt. 


Die Zugabe der Chemikalie in den mit Wasser gefiillten Lésebehalter erfolgt 


durch das Offnen der Bodenklappe des Wagebehilters. Zur Beschleunigung des 


Lésevorganges sind Pumpen eingesetzt, die den Inhalt des Lésebehdlters in Umlauf 
halten. Da trotz der Wasserumwilzung das Natriumsilikofluorid rasch zu Boden 
sinkt und einen relativ festen Belag bildet, der sich schlecht lést, wird die Chemikalie 
vom Wéagebehialter in ein Gazebehdlter entleert, der sich an der Wasserober- 
flache im Lésebehalter befindet und nur wenig eintaucht. Das Pumpen bewirkt 
eine intensive Wasserbewegung, wodurch nach und nach die Chemikalie aus dem 
Gazebehilter herausgewaschen wird. Durch die Lagerung entstandene Klum- 
pen werden wahrend des Lésevorganges an der Gazewand zerrieben, so daB sich 
nur die unléslichen Chemikalienbestandteile am Boden des Lésebehialters absetzen 
kénnen. 

Da es trotzdem noch teilweise zum Absetzen von Natriumsilikofluorid am Boden 
des Lésebehilters kam, wurde damit begonnen, zur weiteren Unterstiitzung des 
Liésevorganges mittels eines Kompressors Luft dicht iiber dem Boden des Lése- 
behalters in die Dosierungslésung einzudriicken. Dadurch wird der gesamte Behilter- 
inhalt in intensive Wallung versetzt und eine gute Durchmischung der Lésung 
erméglicht. 

Ein wesentlicher Faktor zur Erhaltung einer genauen Fluordosierung im Trink- 
wasser stellt die Konstanthaltung der Konzentration der Dosierungslésung dar. 
Nachdem durch technische Verbesserungen in der Fluoridierungsanlage der Lésungs- 
vorgang wesentlich verbessert wurde und die zur Verwendung kommende 0,4 pro- 
zentige Dosierungslésung im Lésungsbereich der niedrigsten Talsperrenwasser- 


13* 
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temperaturen liegt, ist es méglich, Schwankungen des Fluorgehaltes im Trinkwasser 
auf ein Minimum zu beschrainken. Die Schwankungen, die noch + 10 Prozent 
betragen, werden durch intensive chemische Kontrollen des Rohwassers, der Che- 
mikalie und der Dosierungslésung an einen Schwankungsbereich von + 5 Prozent 


herangefiihrt, das heiBt, der Fluorgehalt im Karl-Marx-Stadter Trinkwasser liegt 


dann zwischen 0,95 und 1,05 mg/l. Ware zur Verbesserung der Léslichkeit des 
Natriumsilikofluorids anstelle der erwahnten technischen Verbesserungen und 
der Herabsetzung der Konzentration der Dosierungslésung eine Aufheizung der 
Lésung erfolgt, so hatte dieses eine wesentliche Erhéhung der Kosten der Trink- 
wasserfluoridierung zur Folge gehabt. Wirtschaftliche Untersuchungen ergaben, dab 
das Aufheizen um 5 °C zusatzliche Kosten von 15,95 DM/d 

um 10°C zusatzliche Kosten von 31,90 DM/d 

um 15°C zusatzliche Kosten von 47,85 DM/d verursachen wiirden. 

Geht man davon aus, dab die Temperaturen des Talsperrenwassers, wie bereits 
bei der Trinkwasserfluoridierung festgestellt wurde, im Winter teilweise auf 2°C 
absinken und die maximale Léslichkeit des Natriumsilikofluorids bei 17°C liegt 
und 0,65 Prozent betragt, dann miiBte im ungiinstigsten Falle zur Erreichung der 
maximalen Léslichkeit eine Aufheizung des Lésewassers um 15°C erfolgen. Bei 
den ermittelten tiglichen Regiekosten fiir die Trinkwasserfluoridierung von 43,40 
DM wiirde die Aufheizung des Lésewassers um 15°C eine Kostenerhéhung der 
Fluoridierung um 110 Prozent zur Folge haben. Aufheizungen der Dosierungs- 
lésung um 5 bis 15°C wiirden mit Kostenerhéhungen zwischen 37 und 110 Prozent 
verbunden sein, die jedoch nicht notwendig sind, da, wie bereits erwaihnt, durch 
technische Verbesserungen und niedrige Konzentrationen eine gute Léslichkeit 
des Natriumsilikofluorids erreicht werden kann. 

Die veranschlagten Kosten der Trinkwasserfluoridierung von 10 Dpf pro Kopf 
und Jahr der Bevélkerung wurden wesentlich unterschritten und lagen bis jetzt 
bei 7,7 Dpf. In diesem Betrag sind Reparaturarbciten mit enthalten, die be: Beginn 
der Fluoridierung auftraten, so wie alle anderen Kosten, die direkt oder indirekt 
mit der Fluoridierung in Verbindung standen. Aus den duBerst niedrigen Kosten 
kann geschlossen werden, daB die Karl-Marx-Stidter Trinkwasserfluoridicrung 
im Vergleich zu anderen Stidten, eine der billigsten in der Welt darstellt. 

Eine Gefahr der Stérung des Betriebsablaufes in der Fluoridierungsanlage stellt 
die starke Aggressivitat der Natriumsilikofluoridlésung dar. Die Dosierungslésung, 
die einen pH-Wert zwischen 3 und 4 aufweist, hat bereits mehrmals im Hinblick 
auf Materialzerstérungen groBe Schwierigkeiten bereitet. Simtliche Eisenleitungen 
wurden trotz ihres intensiven Schutzanstriches bereits nach einigen Monaten un- 
brauchbar und muften durch Kunststoffleitungen ersetzt werden. Diese sind in- 
zwischen ungefahr | Jahr in Betrieb und haben sich gut bewiahrt. Weitere Material- 
zerstérungen traten dort auf, wo die Geschwindigkeit der Dosierungslésung hoch 
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liegt. So wurden unter anderem Messingarmaturen innerhalb eines Jahres funktions- 


unfahig. 

Der aus Bronzegewebe zusammengelétete Gazebehalter im Lésungsbehilter 
muBte bereits nach einigen Wochen gegen einen Behalter aus Perlongaze ersetzt 
werden, da sich der Létzinn der Nahte vollkommen aufgelést hatte und auch 
das Bronzegewebe deutlich Korrosionserscheinungen aufwies. Die aus Stahlbeton 
bestehenden Lése- und Dosierungsbehdlter weisen bis jetzt keinerlei sichtbare 
Zerstérungen auf, obwohl diese Behdlter nur einen Zementglattstrich besitzen und 
keinerlei Korrosionsschutz durch Anstrich erhalten haben. 

Bedenken, die dahin gingen, da durch das Fluor im Trinkwasser ein Abtragen 
des Rostes aus dem stadtischen Rohrnetz erfolgt, haben sich bis jetzt nicht besta- 
tigt, da laufende Eisenkontrollen des Trinkwassers keine Erhéhungen des Eisen- 
gehaltes zeigen. Bei den Untersuchungen des Fluorgehaltes im Trinkwasser des 
gesamten Stadtgebietes konnten bis jetzt keine “Fluorzehrungen” festgestellt wer- 
den. 

Nach 1} jahrigem Betrieb der Fluoridierungsanlage kann festgestellt werden, 
daB simtliche chemisch-technische Mangel erkannt und beseitigt wurden, wodurch 
eine kontinuierliche Fluordosierung von | mg/l mit Abweichungen von + 5 Prozent 


mOglich ist. 
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CARIES FREQUENCY AND FLUOROSIS IN 
MALLNITZ AND THE VALLEY OF OTZ 
(1-0-1-8 p.p.m. F IN THE DRINKING WATER) 


K. BINDER 


School Dental Service of Vienna, Schubertgasse 23, Vienna, Austria 


Abstract—In two areas of Austria the drinking water shows a natural fluorine content 
of 1-0-1-8 p.p.m. (Mallnitz has 1-0 p.p.m., some places in the Otz and Inn Valleys 
have 1-5-1-8 p.p.n In these places all children aged 6-14 were examined (400 boys 
and girls). Furthermore all children (377) of neighbouring communities in which the 
drinking water has a very low F-content were also examined. In all places with a poor 
F-content of drinking water, caries affections were practically the same, while the 
places with high F in the drinking water showed less caries in milk as well as perma- 
nent teeth at a rate dependent on the F-content of the water, namely at 1-8 p.p.m. 
it was less than at 1-5 p.p.m., and again at the latter rate much less than 1-0 p.p.m 
As a protection against caries, milk teeth need considerably more fluorine than per- 
manent teeth. At 1-0 p.p.m. the fluorine offers relatively little protection to milk teeth, 
at 1-5 p.p.m. the protection is very much higher, and at 1-8 p.p.m. it is 2-7 times as 
high as at 1-0 py 

At 1-0 p.p.m. F 18-7 per cent of the children showed fluorosis, at 1-5 p.p.m. the 
percentage was 40 and at 1-8 p.p.m. fluorosis was observed in 59 per cent of the 
children. Not only the number but also the degree of fluorosis showed greater inten- 


sity 


Zusammenfassung--In Osterreich weist das Trinkwasser in zwei Gegenden einen 
natiirlichen F-Gehalt von 1,0 p.p.m. bis 1,8 p.p.m. auf. (Mallnitz-1,0 p.p.m., 
einige Orte im Otztal und im Inntal-1,5-1,8 p.p.m.) Alle 6-14 jahrigen Kinder 
wurden in diesen Orten untersucht (400 Knaben und Madchen). Ferner wurden in 
Nachbarorten, die sehr niedrigen F-Gehalt des Trinkwassers haben, ebenfalls alle 
Kinder (377) untersucht. Wahrend der Cariesbefall in allen F-armen Orten 
praktisch derselbe war, zeigte er sich in den F-Orten sowohl im Milch- als auch im 
bleibenden Gebiss abhaingig vom F-Gehalt des Trinkwassers und war bei 1,8 p.p.m 
geringer als bei 1.5 p.p.m. und hier wieder sehr wesentlich geringer als bei 1,0 p.p.m 
Milchzihne brauchen zur Erlangung eines Cariesschutzes wesentlich mehr Fluor 
als bleibende Zaihne. Bei 1,0 p.p.m. ist der Cariesschutz im Milchgebiss noch 
relativ gering, bei 1,5 p.p.m. ist er wesentlich héher, bei 1,8 p.p.m. ist er 2,7 mal 
so hoch als be! 10 pom 

Wiahrend bei 1.0 p.p.m. F 18,7 Prozent der Kinder Fluorosen aufwiesen, waren 
es bei 1.5 p.p.m. 40,0 Prozent und bei 1,8 p.p.m. 59,0 Prozent. Die Fluorosen nehmen 


nicht nur zahlenmassig, sondern auch in der Stirke zu 


IN AUSTRIA there are two regions with a high natural content of F in the drinking 
water, one in Carinthia: Mallnitz (1-0 p.p.m. F) another in Tyrol, namely Silz 


in the valley of the river Inn (1-5 p.p.m.F) and Umhausen in the valley of the river 
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Otz (1-8 p.p.m. F). On the instigation of the Austrian Ministry of Health an 
investigation into dental health was started in those regions and carried out in 
cooperation by the Institute of Hygiene of the University of Innsbruck (Director: 
Prof. Dr. A. ScuinzeL), the Dental Clinic of the same University (Director: 
Prof. Dr. O. PREISSECKER) and myself. 

Of these investigations, concerning the incidence of caries and the frequency 
of fluorosis in the above-named regions, I should like to present to you here the 
preliminary results, while our inquiries are continuing. 

Our first problem was to find for every group living in a region with high F-con- 
tent in its drinking water a corresponding control group with a low F-content in its 
water supply. On examination, the tapwater in Mallnitz showed a concentration 
of 1-0 p.p.m. F, while the water of all the private wells in the village showed merely 
traces of F. Since only one half of the houses are connected with the municipal 
water supply, while the rest of the population takes its water from private wells, 
we found the ideal group for comparison in Mallnitz itself. 


TABLE 1. NUMBER OF CHILDREN IN THE DIFFERENT 
GROUPS 


@ F-group F-group Total 


Mallnitz 49 64 113 
Tyrol 328 336 664 


Total 377 400 777 


A similar situation does not occur in Tyrol. Therefore we had to use villages in 
the neighbourhood for comparison with ours. The water of those villages—Langen- 
feld, Huben, Métz and Miming, contained only traces of F. All the children in these 


villages in the age group of 6-14 years have been examined. Their numbers in the 


different groups can be seen in Table 1. The caries incidence and frequency of 
fluoroses are shown in Table 2. 
TABLE 2. INCIDENCE OF CARIES AND FLUOROSES 


Mallnitz Tyrolia Mallnitz Silz Umhausen 
~ I I 1-0p.p.m.F 1-5 p.p.m.F 1-8 p.p.m.I 


DMFT per child 2:55 1-25 0-52 0-39 
dmft per child 4-18 3-60 2-13 1-67 
*. of T carious* 17-4 ] 8-3 41 2-9 
°” of t carious 43.3 : 38-1 22-4 15-9 
"< of caries-free children 

(DMFI ) 22-4 46:8 72-9 81-1 
Mottled enamel (°,) 0-0 18-7 400 590 


* 71 total number of all permanent teeth; 
t total number of all deciduous teeth 
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As the caries incidence in the four Tyrolian villages with the low F-content 
of the drinking water was remaining nearly on the same level, we could treat the 
findings in the four groups together as a single group (see Table 2, Tyrolia © F). 

The incidence of caries in the permanent teeth of the control group in Mallnitz 
was slightly lower than in Tyrol. The reason for this may be seen in the fact that 
the children, although getting their drinking water at home from private wells, 
had access to tapwater from the municipal supply at school or at the homes 
of friends and received therefore more F than the children of the Tyrolian control 


group. This fact will be treated later on. 


DISCUSSION OF THE RESULTS 


(1) The fact that the incidence of caries was nearly the same in all control groups 
and decreased with increasing F-content of the drinking water, proves that the F 
is the only reason for the decrease of the frequency of caries. Furthermore, when 
the Austrian Ministry of Health ordered an inquiry on the subject of caries fre- 
quency in all Austrian counties, the results were practically the same as shown 
by our control groups with low F-level. A caries incidence as low as in the F-districts 
could not be found anywhere else in Austria. 


(2) At 1-5 p.p.m. F there could be found only half as many carious lesions 


as at 1-0 p.p.m. F in permanent teeth. At 1-8 p.p.m. F they were still less, but the differ- 


ence of the carious lesions between 1-8 and I°5 p.p.m. was much less than that 
between 1-5 and 1-0 p.p.m. 

(3) The protection from caries by water rich in F was much less pronounced 
for the deciduous teeth than for the permanent ones. At 1-0 p.p.m. F the caries 
protection of the deciduous teeth is comparatively low. It is higher at 1-5 p.p.m. 
but at 1-8 it is 2:7 times as efficient as at 1-0 p.p.m. This means that the deci- 
duous teeth need much more F for prevention of caries than the permanent ones 

(4) Corresponding to the increasing F-content of the drinking water there was 
an increase of the fluoroses to be observed, not only in number, but also in severity. 
At Mallnitz (1-0 p.p.m. F) white opacities were to be found and light yellowish 
Staining existed only in a few cases. The mottling was not noticeable except to a 
trained observer. (Questionable and very mild mottling according to the classi- 
fication of Dean). At Silz (1-5 p.p.m.) brown staining predominated. At Umhausen 
(1-8 p.p.m.) in some cases marked hypoplasia and pitting occurred. The brown 
Staining was darker and widespread. We had the impression that the mottling, 
especially at Umhausen but also at Silz, was more severe and more frequent than 
we had expected from the international literature. This will be the subject of further 
examinauions. 

(5) As the caries protection at 1-5 p.p.m. is much more pronounced than at 


1-0 p.p.m. it should be a matter of further discussion whether or not it would be 
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recommendable to increase the F-content to a higher level than 1-0 p.p.m. in arti- 
ficial water fluoridation. 
Furthermore we were interested in the question of whether there were significant 


differences between girls and boys. (see Table 3). 


TABLE 3. CARIES INCIDENCE—GIRLS AND BOYS SEPARATED 


Malinitz @ I Mallnitz 1-0 p.p.m. F. Umhausen 1-8 p.p. 


DMFT per child 2-38 2-83 1-10 1-48 
dmft per child 4-48 3-66 3-82 3.28 

of T carious 16-29 19-31 7-43 9-61 
*. of t carious 45-72 31-93 38-40 37-61 


*< of caries-free children 
(DMFT ) 29-03 11-11 53-84 36-00 


Table 3 shows that there is no marked difference of the F-action in girls and 
boys. The DMF in girls is higher than in boys, with only one exception. The boys at 
Umhausen show more carious lesions in their permanent teeth than the girls, but only 
when expressed in percent of all present permanent teeth. The percentage of caries- 
free children is again higher in boys than in girls. The reason for this exception 
is the small number of children examined. I should like to draw your attention 
to the fact that the boys’ deciduous teeth are worse than the girls’, We found the 
same result at an inspection at Vienna, when we made a trial with fluor tablets. 
This is a contradiction for which we had no explanation at first, but we found one 
later. 

Taste 4. CARIES INCIDENCE IN MALLNITZ, AGE-GROUPS SEPARATED 
@ F-aroup 6-10 years 11-14 years 
@ F-group F-group @ F-group F-group 


DMFT per child 1-6 0-9 43 1-8 
dmft per child 5-7 4-5 1-0 1-7 


At Mallnitz we separated the children in different age-groups (see Table 4) 
This table shows the surprising fact that the elder children in the F-group have 
much more carious deciduous teeth than in the control group in contradistinction 
to the condition in the permanent teeth and also to the condition in the younger 
children. The explanation is that the deciduous molars in the control group of the 
elder children have been lost earlier and that the permanent premolars have erupted 


earlier than in the F-group. If this explanation were true, there had to be more 
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permanent teeth present in the control group than in the F-group, and less deciduous 
teeth in the control group than in the F-group, which in fact we could prove (see 
Table 5). 


TABLe 5. NUMBER OF PRESENT PERMANENT AND DECI- 
DUOUS TEETH IN MALLNITZ 


@ F-group F-group 


Deciduous teeth per 
child 

Permanent teeth per 
child 


The explanation for this relatively earlier eruption of the premolars in the control 
group could be a retardation of the shedding in the F-group. But there is still another 
reason. The children of the control group had worse teeth than the others so they 
visited the dentist more frequently, who extracted the carious deciduous molars. 
It is well known that after early extraction of the deciduous molars the premolars 
erupt earlier. 

And so we found the explanation of why boys have worse deciduous teeth than 


girls, in contrast to the permanent teeth. The shedding occurs earlier in girls than 


in boys and the girls, having worse teeth than the boys, visit the dentist more fre- 


quently and consequently have their deciduous molars extracted earlier. 
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DER FLUORIDGEHALT MONTENEGRINISCHER 
TRINKWASSER—II 


D. Tomic 


Pharmakologisches Institut der Universitat, Salata 11, Zagreb, Jugoslawien 


Zusammenfassung—Es wurden zahlreiche Trinkwasser aus Montenegro auf ihren 
Mineralgehalt untersucht (Tabelle 1, 2). Die Gesamtharte betrug 2,7 bis 15,3° dH. 
Meistens handelt es sich um weiche und mittelharte Wasser. Der Chloridgehalt bewegt 
sich zwischen 1,0 mg/!I und 11,6 mg/l. Der Fluoridgehalt betragt 0,035 mg/I bis 0,190 
mg/l. Eine Ausnahme macht das Trinkwasser von Risan, welches infiltriertes Meer- 
wasser enthalt und einen Halogengehalt von 565,0 mg/l Cl und 0,200 mg/I F aufweist. 
Der Kariesbefall ist bei Kindern des gebirgigen Binnenlandes viel kleiner (8,2 bis 
12,2 Prozent kariéser Zahne) als bei Kindern des Kiistenlandes (22,1 bis 68,2 Prozent 
kariéser Zahne). Der Mangel des kariesverhiitenden Einflusses des Fluorid- bzw. Mi- 
neralgehaltes des Trinkwassers wird in Montenegro von anderen Ernahrungsfaktoren 
verdeckt. 

Abstract—A large number of drinking waters were examined for their mineral content 
in Montenegro (Tables 1, 2). The total hardness was 2-7-15-3° dH. The majority 
of the waters are soft or medium hard. The chloride rate lies between 1 and 11-6 mg/l. 
The fluoride content lies between 0-035 and 0-190 mg/l. The drinking water of Risan 
offers an exception; it contains a certain amount of sea water and shows halogens 
at 565-0 mg/l Cl. and 0-200 mg/l F. 

Children of the mountainous inland areas show far less caries than the children 
of the coast, namely 8-2—12-2 per cent and 22-1-—68-2 per cent carious teeth respec- 
tively. 

The lack of caries-preventing influences of fluorine and minerals in drinking 


waters of Montenegro is covered up by other factors of nutrition. 


Die ZAHNKARIES kann man zu den Mangelkrankheiten zahlen, an deren Entstehung 
einige Faktoren beteiligt sind. Unter anderem hat der Fluoridgehalt der Nahrung 
bzw. des Trinkwassers besondere Bedeutung. 

In diesem Zusammenhang untersuchten wir zahlreiche Trinkwasser aus Monte- 
negro (im Mai, Juni 1950 Tomic, 1951 und Juli, November 1960), wobei wir nicht 
nur den Fluoridgehalt, sondern auch die Harte und den Chloridgehalt (HAAse, 
1954) der Wasser bestimmten, da der Kalzium- und Magnesiumgehalt ebenfalls fiir 
die Entstehung der Zahnkaries Bedeutung hat. Ein hoher Chloridgehalt des Trink- 
wassers lasst in Kiistengebieten auf eine Beimischung von Meerwasser schliessen. 

Montenegro (Crna Gora), eine der Volksrepubliken Jugoslawiens, umfasst ein 
Gebiet von 13 967 km* mit etwa 420000 Einwohnern*. Dieses schwach besiedelte 


* Enciklopedija Jugoslavije, Bd. 2, S. 398, Zagreb (1956). 
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Land (30 Einwohner/km®) stellt keine geographische Einheit dar. Es wird gréssten- 
teils von den faltenreichen Dinarischen Alpen oder Karst eingenommen, deren 
Hochflachen Trias- und Kreidekalk mit Sandstein und Schiefereinlagen bilden. 
Im nordéstlichen Teil des Landes treten paléozoische Schiefer und Sandsteine zu 


Tage, oft von porphyrischen Eruptivgesteinen durchbrochen. Im Tiefland, nérdlich 


vom Skutarisee, lings der Mora¢a und unteren Zeta finden sich Quartérablage- 


Montenegro 
N.R. Crno Gora 


bezerchnen der Fiuorid 


rungen. Zwischen Hercegnovi und Budva, sowie bei Ulcinj bilden Tertidrgesteine 
einen schmalen Kiistensaum, indem nérdlich von Stari Bar neben Schiefer auch 
basisches Eruptivgestein vorkommt. 

Die Niederschlagsmenge betrigt im Norden des Landes etwa 700-800 mm 
im Jahre, sie nimmt gegen den Siiden standig zu und erreicht im gebirgigen Hinter- 
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land der Kiiste ein Maximum von iiber 4000 mm. Die Kiiste und ihre Umgebung 
hat ein typisch mediterranisches Wasserregime. In Cetinje betragt die Regenmenge 
3500 mm im Jahre, wobei in den heissen 3 Sommermonaten weniger als 50 mm 
Regen fallt. Trotz der hohen Niederschlagsmenge zahlt der wasserdurchlassige 
Karstboden zu den wasserarmsten Gebieten und wird fast nur als Weide beniitzt. 
Soweit keine besonderen Wasserleitungen vorhanden sind, beniitzt die sparliche 
Bevélkerung zu Genusszwecken Regenwasser, welches von den Dachern der Wohn- 
gebaude oder auf betonierten Auffangflachen gesammelt und in besondere Be- 
halter (Zisternen) geleitet wird. So z. B. in Velimlje. Orte die sich auf wasserun- 
durchlassigen Schichten befinden, haben oft Brunnen zur Trinkwasserversorgung 
(Ivangrad, Titograd, Zabljak). Der Norden des Landes wird von der Tara, Piva und 
dem Lim iiber die Drina in tief eingeschnittenen Talern zur Donau entwiassert. 
Im Siiden leiten die Moraéa, Zeta und Rijeka ihr Wasser iiber den Skutarisee zur 
Adria. Im Hochgebirge findet man einige Mordnenseen (Crno jezero, Plavsko 
jezero). (Abb. 1). 


DAS MONTENEGRINISCHE BINNENLAND 


Im Inneren Montenegros dient als Trinkwasser hauptsachlich Grundwasser, 


welches in seiner Zusammensetzung ziemliche Unterschiede aufweist (Tabelle 1). 
Der Abdampfriickstand betragt hier 83 mg/! (Bijelo Polje) bis 265 mg/l (Grahovo). 


TABELLE 1. TRINKWASSER DES MONTENEGRINISCHEN BINNENLANDES 


Abdampf- 
riickstand 
105°C 

(mg/l) 


Ort und Untersuchungsjahr 


Bijelo Polje, Leitungswasser 
(1950) 
Cetinje, Leitungwasser (1950) 
Danilov Grad, Leitungswasser 
(1950) 
Gradac, Leitungswasser (1960) 
Grahovo, Leitungswasser (1960) 
Ivangrad (Berane), Brunnen, 
Ul. Mitrovica (1960} 
Kolasin, Leitungswasser (1950) 
Mojkovac, Quellwasser, 
Ortsmitte (1960) 
NikSi¢c, Leitungswasser (1950) 
Plav, Quellwasser, Ortsmitte 
(1960) 
Pljevija, Leitungswasser (1950) 


Alkalitat 
Karbonat- 
harte 
(dH) 


Chlorid- 
gehalt 
(mg/l) 


Gesamt- 
harte 
( dH) 


Fluorid- 
gehalt 
(mg/l) 


0,120 
0,050 
0,055 
0,080 


0,060 


0.050 
0,055 


0,060 
0,055 


0,190 
0,035 
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TABELLE |.-Fortsefzung 


Abdampf- Alkalitat 
riickstand Karbonat- 


Gesamt- Chlorid- Fluorid- 


harte gchalt gchalt 


Ort und Untersuchungs ¥ 
105 ¢ harte 
( dH) 


(me |) (mg |) 
(mg |) ( dH) 


Rozaj. Leitungswasser (19 250 11.8 H r 0.050 


Savnik, Quellwasser, Of 

mitte (1960) 0,070 

Titograd (Podgorica), Br 
nen bei der Post (1950) 

Tomasevo (Sahovici), Que 


0,080 


0,140 


wasser (1960) 


Velimlije, Zisternenwasset 
(19M : 0,050 
Vir, Leitungswasser (1960 0.050 


Zabljak, Brunnen bei det 

Post (1950) 3 . 0,070 
Nur das Trinkwasser von Zabljak unterm Durmitor, in dessen westlicher Umge- 
bung Eruptivgestein zu Tage tritt, hat cinen etwas grésseren Abdampfriickstand 
(367 mg/!). Die Harte des Wassers besteht im wesentlichen aus Kalzium- und Magne- 
siumhydrokarbonat; daher ist der Unterschied zwischen der Karbonathiarte (2,2 


bis 14,0 dH) und Gesamtharte (2,7 bis 15,3°dH) der cinzelnen Wasser im allgemeinen 


gering. Das Trinkwasser von Biyelo Polje und Velimlje ist nach den gebriuchlichen 


Hiartestufen sehr weich. Cetinje, Danilov Grad, KolaSin, Mojkovac, NikSié 
und Plav haben weiches Trinkwasser. Mittelhartes Wasser haben Gradac, Ivangrad 
(Berane), Plievija, Savnik, Titograd (Podgorica) und Tomasevo (Sahovicéi). Etwas 
hart ist das Trinkwasser in Grahovo, RoZaj, Vir (Virpazar) und Zabliak unterm 
Durmitor. Diese Orte befinden sich in Triasschichten. Der Chloridgehalt betrigt 
1,0 mg/l (Plav) bis 11,6 mg/l (Zabljak). Der Fluoridgehalt ist gering; er betragt im 
Mittel etwa 0,070 mg/!. Den kleinsten Fluoridgehalt hat Pljevija (0,035 mg/l), den 


grdéssten Play (0,190 mel) 


DAS MONTENEGRINISCHE KUSTENLAND 


Dic Trinkwasser des Kiistenlandes haben eine dhnliche Beschaffenheit wie die 
Wasser des Binnenlandes (Tabelle 2). Der Abdampfriickstand schwankt zwischen 
144 mg! (Ulcinj) und 186 mg/l (Budva). Es sind dies weiche (Kotor (Cattaro), 
Ulcinj) und mittelharte Wasser (Budva, Hercegnovi, Stari Bar) mit einer Karbonat- 
harte von 6,4 bis 8,6 dH bzw. Gesamthirte von 6,7 bis 9,0 dH. Der Chloridgehalt 
betragt hier 6,2 mg/! (Kotor) bis 10,2 mg/l! (Ulcinj). Der Fluoridgehalt ist auch 
im Kistenland gering und bewegt sich zwischen 0,070 mg/! (Kotor) und 0,100 mg/I 


(Start Bar). Eine Ausnahme macht nur das Trinkwasser von Risan. Der sehr grosse 
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TABELLE 2. TRINKWASSER DES MONTENEGRINISCHEN KiSTENLANDES 


A bdampf- Alkalitat 


, riickstand Karbonat- 
Ort und Untersuchungsjahr : harte gehalt gehalt 


Ss C arte 
105°C harte (dH) (mg/l) (mg/l) 
(mg/l) (dH) 


Gesamt- Chlorid- Fluorid- 


Budva, Leitungswasser 
(1950) a . 0,075 


Hercegnovi, Leitungswasser 
(1950) , ’ 8, 0,075 


Kotor (Cattaro), Leitungs- 
wasser (1950) ‘ 7, ° 2 0,070 


Risan, Quellwasser, Kran- 
kenhaus (1960) 3 7 565,0 0,200 


Stari Bar, Leitungswasser 
(1960) ; :, 9,0 0,100 


Ulcinj, Leitungswasser 
(1950) 10,2 0,085 


Abdampfriickstand (1318 mg/l) und Chloridgehalt (565,0 mg/l) deuten auf eine 
Beimischung von Meerwasser, welches das Quellgebiet infiltriert. Dementsprechend 
sind auch die Gesamtharie (17,5-dH) und der Fluoridgehalt (0,200 mg/l) miassig 
erhoht. 

DIE ZAHNKARIESHAUFIGKEIT 

RITTERMAN und ERAK (1952) untersuchten die Haufigkeit der Zahnkaries im 
Inneren und lings der Kiiste von Montenegro. Sie kamen zu dem Ergebnis, dass 
die Zahnkariesfrequenz auf den schwerzuginglichen Hochflichen im Inneren des 
Landes am geringsten ist. So haben Kinder im Durchschnittsalter von 9} Jahren 
in Savnik (1400 m Seehdhe) 12,2 Prozent kariése Zahne, in Zabljak (1500 m See- 
héhe) im Alter von 14} Jahren 8,2 Prozent kariése Zihne. Der Kariesbefall nimmt 
in der Richtung zur Meereskiiste zu und betragt bei Kindern von 9 Jahren in Budva 
68,2 Prozent, in Stari Bar bei 13 jahrigen 22,1 Prozent. Ahnliche Ergebnisse zeigten 
auch die Untersuchungen im Kroatischen Kiistenland (Tomic, RITTERMAN und 
Upovic-ERAK, 1949). 

Den grossen Unterschied in der Zahnkariesfrequenz bei den Bewohnern des 
gebirgigen Binnenlandes und den Kiistenbewohnern kann man mit der verschie- 
denen Ernaihrungsweise erklaren. Der Fluoridgehalt des Trinkwassers ist sowohl 
an der Kiiste, als auch im Inneren von Montenegro sehr gering und kommt daher als 
kariesverhiitender Faktor ebenso wie in Dalmatien (Tomic, 1960) nicht zur Geltung. 


Ausschlaggebend ist die primitive Ernahrungsweise in den vom Verkehr abge- 


schlossenen Gebirgsgegenden, wo die grésstenteils aus Hirten bestehende Bevél- 
kerung selbstbereitetes Schwarzbrot und viel Milchprodukte geniesst. 
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AN EPIDEMIOLOGIC STUDY OF THE CARIES 
INCIDENCE IN LOCALITIES WITH AN OPTIMAL 
CONTENT OF FLUORINE IN DRINKING WATER 


M. JirASKOVA 


Institute for Dental Research, Stalinova 48, Prague 12, Czechoslovakia 


Abstract—In the Czechoslovak Socialist Republic there are localities with a natural 
higher content of fluorine in drinking water amounting to 1—5 mg F/I. In a locality with 
an optimal content of fluorine, repeated examinations have been carried out con- 
cerning the caries incidence and the condition of the gingiva in children, and the 
caries incidence in adults. 

The reduction of the caries incidence in children was 80 per cent in the perman- 
ent dentition as compared with a control group. In addition the eruption rate of 
the permanent teeth was followed up. It has been found that the replacement of the 
deciduous by the permanent teeth was retarded in comparison with the average value 
in the whole state. The author is of the opinion that this is due to the reduction of 
caries and the reduction of prematurely lost teeth, because the first permanent molars, 
having no precursors, erupt in time. The incidence of gingivitis is in the fluorine area 
significantly lower. 

The average number of extractions in adults is lower by approximately 40 per cent. 
The caries in adults is reduced by about one quarter as compared with the control 
group. This finding is in agreement with the observation in children, because both 
the reduction of caries in children by 80 per cent and the reduction of caries in adults 
by 25 per cent requires a reduction of the susceptibility to caries of single teeth by 


about 75 per cent. 


Zusammenfassung—In der C.S.R. gibt es Orte mit einem natiirlichen, héheren Fluor- 
gehalt des Trinkwassers von etwa 1-5 mg F/!. In einem Ort mit optimalem Fluorgehalt 
wurden wiederholt Untersuchungen angestellt, die sich mit dem Kariesvorkommen 
und dem Zustand der Gingiva von Kindern und der Karieshdufigkeit bei Erwach- 
senen beschaftigen. 

Die Verminderung der Karies bei Kindern betrug an den bleibenden 
Zahnen 80 Prozent der Kontrollgruppe. AuBerdem wurde die Zahnungsgeschwin- 
digkeit der bleibenden Ziahne beobachtet. Es zeigte sich, dab die Verdrangung der 
Milchzihne durch die bleibenden Zahne im Vergleich zum Landesdurchschnitt 
verzégert auftrat. Die Autorin meint, daB dies auf den geringeren Kariesbefall und 
auf eine Verminderung der vorzeitig verlorenen Zahne zuriickzufiihren ist, weil 
die ersten bleibenden Molaren, die keine Vorlaufer haben, in der iiblichen Zeit durch- 
brechen. Das Vorkommen von Gingivitis ist in den Fluorgebieten wesentlich ge- 
ringer. Die durchschnittliche Zahl der Extraktionen bei Erwachsenen ist ungefahr 
um 40 Prozent niedriger. Die Karies wird bei Erwachsenen etwa um 1/4 der Kontroll- 
gruppe gesenkt. Dieser Befund steht in Ubereinstimmung mit den Beobachtungen 
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an Kindern, weil beides, die Verminderung der Karies bei Kindern um 80 Prozent und 

die Verminderung der Karies bei Erwachsenen um 25 Prozent, die Verminderung 

der Kariesanfalligkeit eines einzelnen Zahnes um 75 Prozent erfordert 
IN CZECHOSLOVAKIA there are numerous places where the drinking water contains 
1-5 mg of fluorine per litre. We have carried out repeated teeth examinations in 
a certain area where the drinking water contains the optimum fluorine content 
as we consider it a model example of the situation which, under our conditions, 
we are endeavouring to achieve by fluoridation of water. 

In this locality we carried out stomatological examinations of school children 
as well as adults of 20—SO years of age. Inthe case of children we observed the occur- 
rence of caries, the eruption of permanent teeth and periodontal diseases. 

The reduction of caries of permanent teeth in children of 6-14 years of age, 


amounted to 80 per cent, in com arison with the control group. 
Observation of the shedding of deciduous teeth for permanent ones showed 
extremely interesting results. We evaluated the eruption of permanent teeth in this 


group according to the average number of erupted teeth in each child of the same age. 


ay 


Number 
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Fic. 1. Average number of erupted premolars. 


In comparison with the general average, which we obtained by carrying out 
random examinations of persons in the individual age groups all over the country, 
in fluorine localities the time which elapsed between exfoliation of the deciduous 
molars and eruption of the premolars was shorter, eruption of the permanent teeth 
replacing the first teeth being delayed. The decrease of the period between the 
exfoliation of the lower deciduous molars and the eruption of the premolars from 
15 months to 11 months, namely a reduction of 4 months, is highly significant. 
Equally significant was the delayed eruption of the permanent front teeth. This 
delay was not, of course, the same in the case of all groups of teeth, being the most 


conspicuous in the premolars (Fig. 1). 





CARIES INCIDENCE IN LOCALITIES WITH AN OPTIMAL CONTENT OF FLUORINE IN DRINKING 211 


We are of the opinion that these differences can be explained solely by reduction 
of the caries of deciduous teeth. As a consequence of the high occurrence of caries 
of the deciduous teeth in non-fluoridated areas, these teeth are lost somewhat pre- 
maturely, the eruption of those following them therefore being accelerated. The 
correctness of this opinion is testified by the fact that the period of eruption 
of the first permanent molars in fluoridated areas is ina full accordance with that 
observed in the control group. Thus it can be concluded that in fluoridated regions 


the time of eruption is physiological. 
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Fic. 2. Percentage of periodontal diseases in boys. 


Apart from the effect of fluorine on the teeth we also studied its influence on 
the gums in children of 10-14 years of age. Younger children were not examined. 
In order to eliminate periodontal diseases caused by decayed deciduous teeth 
children with approximal fillings were also not examined since such fillings could be 
the external cause of periodontal diseases. Inflammation was diagnosed in such 
cases in which compression of the ridge of the explorer on the interdential papile 
caused bleeding. In the fluoridated areas the appearance of periodontal diseases 
proved to be significantly lower than in the control group (Fig. 2). Moreover, its 
extent (Fig. 3), evaluated according to the number of teeth in the case of which 
inflammation of the gum was diagnosed, was outstandingly lower than in the con- 
trol group. 

With regard to the cariogenity of adults, this was approximately one quarter 
lower (about five teeth) in men and women compared with the control group. 
The average number of extracted teeth was about 40 per cent lower. These average 
values were calculated in respect of the age of 35 years, due regard being paid to 
the relation of cariogenity to age. For our control group we choose inhabitants 
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of localities in the nearest vicinity but whose drinking water contained no fluo- 
rine, (Fig. 4). 

The average reduction of DMF, amount in adults to about 25 per cent, seems, 
in comparison with that ascertained in children, namely 80 per cent, relatively 








2 


Yeors 


3. Average extent of periodontal diseases in boys (Evaluated according 
to number of periodontally diseased teeth) 


Contro 


imag F/\ 
group 9 














OMF Extractions 


Fic. 4. Average number per one inhabitant (average age 35 years) 


low. Nevertheless, this difference corresponds on the whole to the reduction or 
caries ascertained in children, being, however, caused by the fact that the number 
of DMF in regions where there is no fluorine in the drinking water increases only 
very slowly with advancing age (when only relatively resistant teeth are still sound). 
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On the other hand, in fluoridated regions this effect is manifested in a far smaller 
extent since a considerably greater number of teeth remain sound. In the mouth 
there are on the average about five teeth more, while the number of teeth which 
can be treated is considerably much higher. 

It is for this reason that in fluoridated areas we encounter small prosthetic 


appliances at a much higher age than is usually the case. From this it results that the 
periodontium is far more protected against overloading and other changes caused 
by prosthetic works. Here the natural masticatory function of the teeth is preserved 


much longer. 
These facts are very instructive and encouraging since they have proved beyond 
all doubt the clearly favourable effect of fluorine up to adult age. 
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EFFECTS OF MASTICATION AND PARTICLE SIZE 
OF CORN AND SUGAR DIETS ON 
CARIES-INCIDENCE IN RATS 


K. G. KONIG 


Experimental Caries Research Laboratory, Dental Institute, University of Zurich, Switzerland 


Abstract—Caries-incidence in lower jaws of 108 Osborne-Mendel rats (with unila- 
terally extracted upper molars), given different diets with equal contents of carbo- 
hydrate for 20 days, was studied on serial undecalcified sections. The cariogenicity 
of all combinations of readily fermentable coarse and fine sugar and less readily 
fermentable coarse and fine corn was investigated in a 3* factorial experiment including 
these nine treatments: 
fine sugar 7 
coarse sugar 4 
no sugar 1 
no coarse fine 
corn corn corn 
The basic content of diets 2-9 was 66 per cent corn or sugar, 32 per cent skim milk 
powder, 2 per cent dried liver. 

The analysis of lesion totals on functional plus non functional lower molars 
indicated: (1) corn is less cariogenic than sugar; (2) coarse sugar is less cario- 
genic than fine sugar; (3) coarse corn is less cariogenic than fine corn; (4) supple- 
mentation of half of the sugar by corn reduced the cariogenicity of sugar. 

Diets containing corn only (2,3) caused less lesions on the nonfunctional than 
on the functional side, whereas diets containing sugar only (4,7) caused more lesions 
on the nonfunctional than on the functional side. Diet 7 (= diet Stephan 580) was 
found to be the most cariogenic of all combinations tested. 

Zusammenfassung— Der karidse Befall der Unterkiefermolaren von 108 Albinoratten, 
denen rechtsseitig die Oberkiefermolaren extrahiert worden waren, wurde nach 
20tagiger Verfiitterung verschiedener Didten mit konstantem Kohlehydratgehalt 
(66 Prozent) mittels der Serienschliffmethode untersucht. Die Kariogenizitat der 
Diditkombinationen mit (leicht fermentierbarem) grobem und feinem Zucker und 
(schwer fermentierbarem) grobem und feinem Mais wurde in einem 3*-Faktorenversuch 
mit folgenden 9 Verfahren gepriift: 

Feiner Zucker 7 8 

Grober Zucker 4 5 6 

Kein Zucker l 2 3 


9 


Kein Grober Feiner 

Mais Mais Mais 
Im Prinzip enthielten die Didten 66 Prozent Mais oder Zucker, 32 Prozent Mager- 
milchpulver und 2 Prozent Leber. Die Analyse der Gesamtbefallszahlen rechts + links 
zeigte: (1) Mais ist weniger kariogen als Zucker; (2) grober Zucker ist weniger kariogen 
als feiner Zucker; (3) Grober Mais ist weniger kariogen als feiner Mais; (4) Teiler- 
satz von Zucker durch Mais verringert die Kariogenizitéat des Zuckers, was nicht 


(214) 
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allein auf die Reduktion des absoluten Zuckergehaltes zuriickgefiihrt werden kann. 
Vergleiche des Befalls zwischen rechts und links zeigen bei Mais als alleinigem Kohle- 
hydrat (2,3) weniger Lasionen auf der afunktionellen, bei Zucker allein (4,7) mehr 
Lasionen auf der afunktionellen als auf der funktionellen Seite. Die Diat in Verfahren 
7 (= Stephan 580; 66 Prozent feiner Zucker, 32 Prozent Milchpulver, 2 Prozent 
Leber) war von allen gepriiften Kombinationen am starksten kariogen. 


INTRODUCTION 

EARLY WORK on the production of experimental dental caries in laboratory rats 
seemed to indicate that coarse particles of corn or rice would be necessary to induce 
or at least to initiate, carious lesions which did not occur in general when finely 
ground corn or rice were used (HOPPERT, WEBBER and CANNIFF, 1932; KLEIN and 
McCo.i_um, 1933; ROseBURY, KARSHAN and FOoLey, 1933a, 1934; Ginn, 1942; 
Hunt, Hoppert and Erwin, 1944; Cox, 1948; NAKFoor, HUNT and Hoppert, 
1952). The question arose whether the cusp fractures caused by coarse particles, 
complicating evaluation, were preceded or followed by the development of carious 
lesions (McCCOLLUM et al., 1922; ROSEBURY, KARSHAN and FOLey, 1933b; SHELLING 
and ASHER, 1933; KEARNY, SOGNNAES and BipBy, 1941; VAN HUYSEN and VINCENT, 
1945; VAN HuyseNn, 1950). As has been shown by studies on the effect of mastication 
(SOGNNAES, 194la, b), impaction into the fissures is necessary to retain the corn 
particles long enough to secure utilization by mouth bacteria of these slowly fermen- 
table carbohydrates. Smooth surface lesions, common in human teeth, were not 
observed after feeding coarse particle diets, and there were failures in early attempts 
to produce experimental dental caries on high-sucrose diets (LiLty, 1932; LILLy 
and Grace, 1932; MARSHALL-Day, DAGGS and Sepwick, 1935). In these early 
days, there were reasons enough to question the identity of the aetiology of experi- 
mental rat caries with the basic aetiology of human dental caries (ROSEBURY and 
FoLey, 1932; BODECKER and APPLEBAUM, 1932; McC Lure, 1948, 1955). 

When, in 1942, ARNOLD for the first time used hamsters in caries experiments, 
he in some respect obtained more reasonable results than had been attained up 
to this time in rats. He found a diet containing 66 per cent finely ground corn more 
cariogenic than the same diet containing 66 per cent coarse corn. Moreover, ARNOLD 
observed cervical smooth surface lesions. These findings led to the conclusion that 
the hamster was a laboratory animal better suited for caries experiments than 
the rat. 

Since then the production of uniformly susceptible inbred strains of rats, better 
knowledge of the effects of different constituents of experimental diets, and in- 


creasing experience in running studies of more complicated design have been achieved. 
These advancements have made it possible to reevaluate the influence of coarse and 
fine corn and sugar with and without masticatory stress, using short experimental 
periods, microscopic evaluation of undecalcified serial sections, and the rat as an 


experimental animal. 
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MATERIAL AND METHODS 
In 108 weanling Osborne-Mendel rats (twelve litters of nine) the right upper first 
and second molars were extracted under anaesthesia. 2 days later the animals were 
littermate distributed over the following nine feeding regimens in a kind of a 3*-fac- 
torial design, each regimen being tested on twelve animals: 


fine sugar* w) 
coarse sugar* 3 6 
no sugar l 3 


no coarse fine 
corn corn* corn* 


With the exception of Dict | all diets contained 66 per cent corn or sugar, 32 per cent 
skim milk powder, and 2 per cent whole dried liver. Diets 4 and 7 contained sugar 
only (66 per cent) Diets 2 and 3 corn only (66 per cent), the diets with both carbo- 
hydrates, 5, 6, 8 and 9, contained 33 per cent corn and 33 per cent sugar. Diet | 
without sugar and corn consisted of 96 per cent skim milk and 4 per cent liver. 
Weight gains were controlled every 5 days. 

After an experimental period of 20 days feeding the nine different diets, the 
animals were sacrificed and the jaws removed and fixed in 10°,, formalin. The lower 
jaws were inspected for cervical smooth surface lesions and scores assigned according 
to Keyes (1958). Then undecalcified serial sagittal sections were prepared with the 
JANSEN (1950) circular saw, stained with Schiff’s reagent and examined microscopi- 
cally for sulcal lesions (KONIG, MARTHALER and MUHLEMANN, 1958). The lesions 
were scored as follows (with corresponding Keyes’ (1958) nomenclature in paren- 
theses): 

A (EB) enamel lesion; 

Tr (Ds) involvement of dentine-enamel junction; 

B (Dm) = moderate dentinal lesion; 

C (Dx) extensive dentinal lesion with undermining of cusps and beginning 


cavitation discernible macroscopically. 


The presence or absence of occlusal attritions was stated by visual comparison of 


the appearance of cusps on the right and lefts sides and scored as “not present” 


“doubtful” = (+-), “moderate” , and “marked” 
All scoring was done under code without knowledge of the regimen to which 


an animal had belonged. 


* Coarse corn: 48 per cent of particles retained by 20-mesh sieve, coarse sugar: 80 per cent 
of particles retained by 20-mesh sieve, fine corn and sugar: nearly all particles passed 60-mesh 


sieve 
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RESULTS 

Growth 

There were marked differences of average weight gains between the regimens. 
Growth was normal on the corn diets and subnormal on the diets containing no 
corn. Especially the animals on coarse sugar (Diet 4) failed to gain weight normally. 
Caries scores 

The average numbers of sulcal dentinal lesions (score B plus more severe ones, 
total of right +- left lower molars, and separately for the right, i.e. non functional, 
and left, i.e. functional side) and average numbers of cervical lesions (score E plus 
more severe ones, total of right + left, and separately right and left) are presented 
in Table 1. 


Av. No. of 


lesions 


Sulcal 
Fine sugar 


Cervical 


Sulcal 
Coarse sugar 
Cervical 


Sulcal 
2,0 
No sugar . Cervical 
0,6 


No corn Coarse corn Fine corn 
* r-—right, /=left; treatment numbers ( in upper left corners 


Cariogenicity of diets containing corn only or sugar only 


The total numbers (in functional plus non-functional lower molars) of sulcal 
and cervical smooth surface lesions in the treatments with only one carbohydrate 
(Diet 2 with 66 per cent coarse corn, Diet 3 with 66 per cent fine corn, Diet 4 with 
66 per cent coarse sugar, Diet 7 with 66 per cent fine sugar) show that corn is less 
cariogenic than sugar, and that the diets with coarse particles (2 and 4) are less 
cariogenic than the corresponding diets with fine particles (3 and 7). 

The numbers of sulcal lesions evaluated separately for the left, i.e. functional, 


and the right, i.e. non functional, lower molars indicate the importance of impaction 
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for the cariogenic properties of the coarse corn (Diet 2), nearly all lesions being 
located on the functional side. On the fine corn diet (3) the increase of caries as 
compared to the coarse corn is mainly due to lesions occurring in the non-functional 
molars, the fine corn being sticky and adhesive enough to be retained without 
impaction by masticatory stress. By contrast to the corn diets, on the coarse and fine 
sugar diets more sulcal lesions occurred in the non functional teeth, the difference 
between function and non-function being greater in the mechanically active coarse 
sugar diet (4). 

The number of cervical smooth surface lesions was greater in the non-functional 


molars on all regimens, indicating the aetiologic importance of lacking function and 
plaque formation. 


Cariogenicity of diets containing corn and sugar 

Compared with the effect of diets containing sugar as the only carbohydrate, 
substitution of half of the coarse or fine sugar by coarse corn reduced the number 
of sulcal lesions (Diets 4 vs. 5 and 7 vs. 8). Cervical caries was reduced only when 
half of the fine sugar was substituted by coarse corn (Diet 7 vs. 8), the substitution 
of coarse corn apparently not adding very much to the selfcleaning effect of the 
66 per cent coarse sugar diet (5 vs. 4). 

Substitution of half of the sugar by finely ground corn (Diets 4 vs. 6 and 7 vs. 9) 
did not significantly reduce the number of sulcal lesions in comparison to the inci- 


dence on diets containing sugar only. On the contrary, in spite of the high carioge- 


nicity of pure sugar diets, 33 per cent coarse sugar and 33 per cent fine corn (Diet 6) 


were more cariogenic than 66 per cent coarse sugar (Dict 4). 


Attrition of cusps in functioning molars 

Marked occlusal attrition of cusps was found in most of the animals on the 
three diets containing coarse sugar (4, 5 and 6). The figures of “no” plus “doubt- 
ful” and of “moderate” plus “marked” attritions observed in the different treat- 


ments are given in Table 2. 


TABLE 2 


Attrition 


Fine sugar 
Coarse sugar 


No sugar 


Coarse corn Fine corn 
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Comparing within the three times three groups of diets 

firstly, without sugar (Diets 1, 2 and 3) 

secondly, with coarse sugar (Diets 4, 5 and 6) 

thirdly, with fine sugar (Diets 7, 8 and 9), 
no significant abrasive effect was observed which could be attributed to the masti- 
cation of coarse corn. 

DISCUSSION 

The early findings indicating that corn is cariogenic only in the form of coarse 
particles (authors cited in the introduction), was not confirmed in the present investi- 
gation. However, the results presented are in accordance with the observations of 
ARNOLD (1942), who found fine corn more cariogenic than coarse corn. 

The observation in the present experiment that coarse sugar is less cariogenic 
than fine sugar is in keeping with the results of STEWART, HoppeRT and Hunt (1953), 
who found lesions in live rats on powdered sugar after a considerably shorter expe- 
rimental period than in rats on a granulated sugar diet. The decided abrasive effect 
of granulated sugar has formerly been described by MCCLURE (1945). In his experiment 
fine sugar was more cariogenic than coarse sugar, but he had used highly resistant, 
rats and failed to reproduce carious lesions at al] on excessive quantities of dietary 
Sugar in subsequent experiments. 

The validity of the present study is confirmed by the identical results of the first 


(seven rats in each regimen) and of the second part (five rats in each regimen) of the, 


experiment, the second being run 3 months later than the first. 
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UBER DIE SPALTUNG VON SACCHAROSE UND 
MALTOSE IM MENSCHLICHEN SPEICHEL 


T. NEUBAUER und R. NAUJOKS 


Kieferklinik des Universitétskrankenhauses, Martinistrasse, Hamburg 20, Deutschland 


Zusammenfassung—(1) Mit papierchromatographischen Methoden und anschlieBender 
qualitativer Bestimmung wird die Spaltung von Saccharose und Maltose im Speichel 
kariesresistenter und kariesanfalliger Personen gemessen. (2) Die Spaltung von 
Saccharose erfolgt im Speichel resistenter dreimal und die von Maltose fiinfmal so 
schnell wie im Speichel anfalliger Personen. (3) Die Ursachen fiir diese Ergebnisse 
werden diskutiert. 

Abstract— (1) By means of paper chromatography and following quantitative de- 
terminations, the cleavage of sucrose and maltose in saliva of caries resistant and 
caries susceptible instances was measured. (2) In saliva of caries resistants the clea- 
vage of sucrose is three times faster and of maltose five times faster than in caries- 


susceptible individuals. (3) The results are discussed. 


IN DER modernen Kariesforschung nehmen die Untersuchungen iiber den Kohlen- 
hydratabbau in der Mundhdhle einen breiten Raum ein. Das besondere Interesse 
galt hierbei dem Abbau der Monosaccharide, speziell der Glukose (BRAMSTEDT et al, 
1954; BRAMSTED, KRONCKE und Nausoxs, 1956, 1957; LUND@QvisT, 1952; SWENAN- 
DER-LANKE, 1957, u.a.). Nur wenige experimentelle Untersuchungen sind dagegen 
bekannt geworden, die sich mit der Spaltung der Disaccharide im Speichel befassen. 
Wahrend das Vorhandensein und die Aktivitét der Amylase im Speichel gut bekannt 
sind (FLORESTANO, FASsER and TATES 1941; Ericsson, 1951; Hess und Smitn, 1948, 
SULLIVAN und Storvick, 1950; TURNER und CRANE, 1944, u.v.a.), wurde noch vor 
kurzem die Auffassung vertreten, daB disaccharidspaltende Fermente in der Mund- 
hdhle nicht existieren. Neuere Untersuchungen konnten jedoch zeigen, daB auch 
Saccharose, Maltose und Lactose im Speichel abgebaut werden (HARTLES und 
McDona.p, 1950; HarTLes und WaspELL, 1954a, b,c; HARTLESS, SLACK und 
WASDELL, 1954; VOLKER, 1950; SAUERWEIN, 1952; KRONCKE, 1959, u.a.). 
Dariiber hinaus bewiesen die sogenannten “Vipeholm-Untersuchungen”’ (Gus- 
TAFSON, 1952) eindeutig, daB eine erhéhte Verzehrung von Kohlenhydraten eine gestei- 
gerte Kariesfrequenz hervorruft. Das Vorhandensein von Zuckern und besonders 
deren Zwischenprodukten in der Mundhdhle iiber einen langeren Zeitraum wurde 
hier als einer der Faktoren angesehen, die den Kariesbefall einleiten und die Ver- 
gréBerung bzw. Ausbreitung schon vorhandener kariéser Lasionen bewirken kénnen. 
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Die Verweildauer von Zuckern sowie ihrer Abbauprodukte variiert nach LuN- 
pevist (1952), SWENANDER-LANKE (1957) sowie BRamsteDT et al. (1954, 1956, 1957) 
auf Grund unterschiedlicher Abbaugeschwindigkeiten in den Mundhéhlen erheb- 
lich. Unter Zugrundelegung der Ergebnisse aus diesen Experimenten kann heute 
kaum noch bezweifelt werden, daB der Abbau der Kohlenhydrate in der Mundhdéhle 
kariesanfalliger Personen langsamer ablauft als in der kariesresistenter. Neben einer 
verminderten Sauerstoffaufnahme (NAUJOKS und VONDERLINN, 1953: KRONCKI 
und Nausoxs, 1954) wurden im Speichel kariesanfilliger Personen auch eine signi- 
fikant geringere Aldolase- (NAUJOKS et al. 1960, 1961) und Hexokinaseaktivitit 
(BRAMSTEDT, NAuJOKS und BENEDIKT, 1961) beobachtet. Bei einem Vergleich 
der fermentativen Leistungen des Speichels beider Personengruppen wurde ein 
Verhaltnis von 1 :3 bis 1:4 festgestellt. Als Substrat diente bei diesen Untersuchungen 
hauptsachlich Glukose. Die dem menschlichen Organismus in der Nahrung zugefiihr- 
ten Zucker bestehen jedoch im wesentlichen aus Disacchariden wie Rohrzucker oder 
Malzzucker. Auch die mit der Nahrung zugefiihrte Starke wird bekanntlich zu Mal- 
tose abgebaut. 

Nachdem die vorstehend erwahnten Untersuchungen sichere Hinweise dafiir 
liefern konnten, daB im Speichel kariesanfalliger Personen der Glukoseabbau, im 
Gegensatz zu kariesresistenten, erheblich verlangsamt ablauft, erschien es von 
gréBtem Interesse, festzustellen, ob dhnliche Unterschiede zwischen den beiden 
Personengruppen auch im Zusammenhang mit der Spaltung von Disacchariden 
vorliegen. 

In den nachstehend beschriebenen Experimenten wird mit Hilfe papierchroma- 
tographischer Methoden die Spaltung von Saccharose und Maltose im Speichel 
untersucht und quantitativ bestimmt. 


MATERIAL UND METHODEN 
Material 
Als Untersuchungsmaterial diente Niichtern-Ruhespeichel von kariesresistenten 
und -anfilligen Personen. Die Speichelproben wurden morgens, unmittelbar nach 
dem Erwachen, entnommen, da nach friiher veréffentlichten Untersuchungen 


(NaAusoKs et al., 1961) nur diese fiir eine Bestimmung der tatsichlichen Stoffwechsel- 


leitungen des Speichels geeignet sind. Die Einteilung der Probanden in kariesanfallige 
und kariesresistente erfolgte auf Grund des klinischen Zustandsbildes des Gebisses 
und der Kariesanamnese. Als unterstiitzende MaBnahme fiir die Zuordnung der 
Probanden zu einer der beiden Gruppen wurde die Sauerstoffaufnahme des Spei- 
chels herangezogen. Diese hat sich uns (NAUJOKS und VONDERLINN, 1953; KRONCKI 
und Naujoks, 1954, zumindest bei Gruppenexperimenten als Kariestest gut bewahrt. 


Methodik 


Inkubation des Speichel-Disaccharidgemisches. 
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(a) Ansatz 
ml Speichel (s.o.) 
ml Aqua dest. 
ml Phosphatpuffer (pH 7,2). 

Im Phosphatpuffer befanden sich auBerdem 135 I.E. Hyaloronidase (Luronase- 
Bayer). Dieser Zusatz erwies sich als notwendig, um die bei der spiteren papier- 
chromatographischen Untersuchung sonst stérende Viskositaét des Speichels herab- 
zusetzen. 

Bei der verwendeten Lorinase wurde keine Disaccharidspaltung festgestellt. 


(b) Die Inkubation des Ansatzes erfolgte im Warburgapparat bei 37°C 
1. im Hauptraum des WarburggefaBes befanden sich 
2,0 ml des o.a. Gemisches, 

. das ZentralgefaB enthielt 0,2 ml NaOH (7 Prozent), 
. Im SeitengefaB befanden sich (9.804 

mg Saccharose oder Maltose). 0,3 ml Disaccharidlésung 

Nach Zugabe der Zuckerlésung zum Speichel-Puffergemisch entsprach die 
Disaccharidkonzentration in dem vollsténdigen Ansatz 1/80 M. 

Fiir die Aufstellung einer Eichkurve wurde der Disaccharidzusatz variiert. 
Die Zugabe dieser variierten Zuckermengen zum Ansatz erfolgte hier unmittelbar 
vor der Fermentinaktivierung durch Erhitzen (2 min bei 100°C). Inkubationsdauer 


bis zu 5 Stunden. 


(c) Papierchromatographische Untersuchungen 
2 ml des Ansatzes wurden nach Inaktivierung mit Aqua dest. auf 11 ml aufgefiillt, 
Ausfallung der Phosphate mit MgCl* und NH? bei pH 8,8 Zentrifugieren, 
0,1 ml des Uberstandes absteigend chromotographieren (Aceton: Butanol: 
Wasser = 7:2:1, mit 2,5° Phtalséurezusatz), (Papier: Schleicher & Schiil 
Nr. 2043 bMgl (ausgewaschen)). 


Papier durch 2-prozentige Anilinlésung in Ather zichen. Entwickeln 15 Min. 
bei 130°C. 

AnschlieBend flaichengleiches Ausschneiden der entwickelten Flecken und 
Elution in 10 ml Eisessig fiir 36 Stunden. 

Fotometrische Messung bei 480 mu (5 cm Schichtdicke) gegen einen in gleicher 
Weise behandelten Blindwert. 

Auswertung der Ergebnisse durch graphische Darstellung. 


STATISTIK 
Die statistische Sicherung der Unterschiede zwischen den Mittelwerten wurde 
nach dem Signifikanz-t-Test nach FisHer (1956) durchgefiihrt. 
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Hiernach is 
D1 (4 — XP + D2 OQ 
N,+N.—2 N, N,/I 
Bei Versuchsrethen von zumindest 8 Einzelversuchen und bei einem Freiheitsgrad 
von 2 sind t-Werte 3,707 der Beweis fiir eine mit 99,9 Prozent Wahrscheinlichkeit 
gesicherte Signifikanz. 


ERGEBNISSE 
Die Resultate aus unseren Untersuchungen sind in der Tabelle | wiedergegeben. 
Danach werden in | ml Speichel pro Stunde bei kariesresistenten 4,65-+-0,38 «Mol 
und bei kariesanfalligen Personen 1,45+-0,29 “Mol Saccharose im Durchschnitt 


TABELLE | SPALTUNG VON SACCHAROSE UND MALTOSE Im N(CH- 
TERN-RUHESPEICHEL VON KARIESRESISTSTEN (KR) UND KARIESANFAL- 
LIGEN (KA) PeRSONEN (1 ML Speicnet/STUNDE) 


Vl Mittelwerte; ¢ < tWerte nach dem Signifikanz-/-Test nach 
FisHer (1956). Die Unterschiede zwischen KR und KA sind mit 
99.9 Prozent Wahrscheinlichkeit statistisch gesichert 


Saccharose Maltose 
(uMol) (uMol) 


KA KR 


1,52 6,07 
0,45 6.43 
2,32 7,06 
0,90 7,06 
2.09 5.86 
1,41 4.94 
1,13 5,44 
0,28 7,06 
2.94 6,21 
4,24 
0.38 1,45 0.29 6,04 Sas hae 0,33 
t 6,25 f 10,3 


gespalten. Der Unterschied dieser Mittelwerte ist statistisch signifikant. Der t-Wert 
betragt hier (nach dem Signifikanz-t-Test nach FisHer (1956) = 6,25). Die Malto- 
se-Untersuchungen ergaben fiir 1 ml Speichel pro Stunde bei kariesresistenten 
Personen 6,04+-0,22 Mol und fiir kariesanfallige Personen 1,17+-0,33 «Mol 
Maltose. Der Unterschied dieser Durchschnittswerte ist ebenfalls statistisch gesichert. 
Der t-Wert betrug hier 10,3. Das Spaltungsvermégen des Speichels fiir Saccha- 
rose zeigt zwischen KA- und KR-Personen ein Verhaltnis von ca. 1:3. Fiir die Malto- 
sespaltung erbrachten die Resultate fiir die beiden Personengruppen ein Verhaltnis 
von ca. 1:5. 
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DISKUSSION 


Die vorliegenden Untersuchungen konnten die von HARTLES und MCDONALD 
(1950), HARTLES und WASDELL (1954a, b, c), HARTLES ef al. (1954), SAUERWEIN 
(1952), KRONCKE (1959), u.a., erzielten Resultate iiber den Disaccharidumsatz im 
Speichel einserseits bestatigen, andererseits aber den Beweis dafiir erbringen, daB 
wie schon von KRONCKE (1959) angedeutet, zwischen kariesanfalligen und -resis- 
tenten Personen beziiglich der Spaltungsgeschwindigkeit von Disacchariden signi- 
fikante Unterschiede bestehen. 

Nachdem wir schon friiher feststellten (BRAMsTEDT et al., 1954, 1956, 1957, 1961; 
NAuJOKS ef al., 1960, 1961), daB die Abbaugeschwindigkeit der Glukose im Speichel 
der beiden Personengruppen signifikant unterschiedlich ist, haben die vorliegenden 
Resultate gezeigt, daf auch der Umsatz der Disaccharide im Speichel kariesanfal- 
liger Personen in weit geringerem Umfange erfolgt als in dem kariesresistenter. 
Neben einer reduzierten Hexokinase- und Aldolaseaktivitét (NAUJOKS et al., 1960, 
1961; BramstepT et al., 1961) sowie einer verminderten Sauerstoffaufnahme des 
Speichels kariesanfalliger Personen diirfte eine verlangsamte Spaltung der Disaccha- 
ride ebenfalls ein Characteristikum fiir die eingeschrinkten Stoffwechselleistungen 
des Speichels dieser Personengruppe sein. Die Ergebnisse sind ein weiterer Hinweis 
dafiir, daB die verlangsamte “Oral sugar clearance’’ (LUNDQvisT, 1952) kariesan- 
falliger Personen wahrscheinlich nicht auf die Hemmung eines einzelnen Fermentes 
innerhalb der Abbauwege fiir die Glukose zu suchen ist, sondern auf einer allgemeinen 
Stérung des Kohlenhydratstoffwechsels beruht. 

Es bleibt allerdings die Frage offen, welches der disaccharidspaltenden Fermente 
im Speichel kariesanfalliger Personen an dieser Stérung beteiligt ist. Hierfiir kommen 
bekanntlich neben der a-Glukosidase (Maltase) auch die #-Fruktosidasen ($-Fruk- 
tofuranosidase, Saccharase, Invertase) in Frage. Es besteht jedoch Grund zur Annah- 
me, daB im Speichel Kariesanfalliger besonders die Maltaseaktivitat (a-Glukosida- 
seaktivitat) verringert ist. Die verhaltnismaBig langsamere Spaltung der Maltose 


im Gegensatz zur Saccharose zeigt bei dieser Personengruppe, daB die speziell fiir 


die Saccharosespaltung bedeutungsvollen Fermente ($-Fruktofuranosidasen) in der 
Lage sind, den Unterschied zwischen den Speicheln der beiden Probandengruppen 
zwar nicht auszugleichen, jedoch zu verringern. (Verhiltnis zwischen KA und KR 
bei Saccharose 1:3, bei Maltose 1:5). 

Wenn HartTces und Waspect (1954) in ihren Experimenten keine Unterschiede 
zwischen kariesanfalligen und -resistenten Personen finden konnten, so wird dieses 
hinreichend dadurch erklart, daB sie keinen Niichtern-Ruhespeichel, sondern sti- 
mulierten (Paraffin) Niichternspeichel benutzten. Nach Nausoxs et al. (1961) sind 
sowohl die Aktivitéten einzelner Fermente als auch die Sauerstoffaufnahme und 
der Proteingehalt im stimulierten Speichel erheblich geringer als im Ruhespeichel. 
Nach diesen Autoren nehmen die Fermentaktivitaten und der Proteingehalt auch 
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erheblich ab, wenn von derselben Person mehrere Speichelproben unmittelbar hinter- 
einander gemacht werden. Die Unterschiede zwischen kariesanfalligen und -resistenten 
Personen werden verwischt und verlieren ihre statistische Signifikanz. HARTLESS und 
Waspe.t (1954) benutzten zur Einordnung threr Probanden in die beiden Gruppen 
den DMF-Quotienten. Eine Klassifizierung von Untersuchungspersonen auf Grund 
des DMF-Index mu jedoch zu Irrtiimern fiihren, da die meisten Menschen im 
Laufe ihres Lebens bekanntlich keine gleichbleibende Kariesanfalligkeit oder Ka- 
riesresistenz zeigen. In der Regel werden vielmehr Zeitriume stirkerer Kariesan- 
falligkeit von solchen einer mehr oder weniger ausgeprigten Kariesresistenz ab- 
gelést. Ein DMF-Index kann daher eine jederzeit verlaBliche Aussage iiber die 
Anfalligkeit oder Resistenz ciner Person gegeniiber der Zahnkaries nicht machen. 
Zusammenfassend ist festzustellen, da neben den friiher beobachteten, ernied- 


rigten Stoffwechselleistungen im Speichel kariesanfalliger Personen (Sauerstoffauf- 


nahme, Aldolaseaktivitét, Hexokinaseaktivitét) auch die Spaltung von Saccharose 
und Maltose verlangsamt ist. Fiir die Amylaseaktivitét sind in dieser Hinsicht 
bisher nur widerspriichliche Untersuchungsresultate bekannt geworden. Es wire 
denkbar, daB cine Stérung des Abbaus der Kohlenhydrate im Speichel kariesan- 
falliger Personen auf der Stufe der Disaccharidspaltung beginnt. Eine verringerte 
Aktivitét der Fermente, welche die nachfolgenden Umsetzungen katalysicren, 
wire dann durch cin vermindertes Substratangebot zu erklaren. Anderseits besteht 
die Méglichkeit, daB ein am Ende des Abbauweges der Kohlenhydrate bef indlicher 
Block zu einem Riickstau fiihrt und damit eine verringerte Aktivitét der zu Beginn 
des Abbauweges wirksamen Fermente verursacht. Eine Beantwortung dieser Fragen 


muB weiteren Untersuchungen vorbehalten bleiben. 
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UBER DEN EINFLUSS VON METALLEN AUF DIE 
GLYKOLYSE IM MENSCHLICHEN SPEICHEL 


B. RANKE* 


Aus dem biochemischen Labor der Klinik und Poliklinik fiir Zahn-, Mund- und 


Kieferkrankheiten der Universitat Hamburg, Deutschland 


Zusammenfassung—Platichen von Gold—Edelmetallegierungen und Silberlegierungen 
mit etwa 200 mm?’ Gesamtoberflache sowie Kupfer- und Silberamalgamplattchen 
mit einer Oberflache von etwa 100 mm? wurden mit Glukose und menschlichem 
Speichel inkubiert und der Einflufs der Metalle auf die Glykolyse im Sauerstoffauf- 
nahmetest beobachtet 

Wahrend bestimmte Gold—Edelmetallegierungen mit einem Kupfergehalt von 
1, 5,4 und 9 Prozent die Sauerstoffaufnahme kaum beeinflubten, bewirkten eine Silber 
Palladiumlegierung cine Hemmung von etwa 10 Prozent und eine Silber—Cadmium 
Kupferlegierung cine solche von etwa 50 Prozent. Kupferamalgam hatte eine durch- 
schnittliche Hemmungsaktivitat von 86 Prozent. Die Silberamalgamplattchen zeigten 
in Abhangigkeit von der Zeitspanne seit der Amalgambereitung und nach Charge 
einen mehr oder weniger starken Hemmefiekt. Innerhalb der ersten 3 Wochen lagen 
die Extremwerte zwischen 0 und 77 Prozent. Die Bedeutung der Giykolysehemmung 


wird diskutiert 


Abstract—Smal!l plates of gold—rare—metal alloys and of silver alloys with a sur- 
face area of about 200 mm® as well as plates of copper- and silver-amalgam with 
a surface area of about 100 mm®* have been incubated with glucose and human saliva, 
and the influence of the metals on glycolysis has been observed by the oxygen uptake 
test 

While certain gold—rare—metal-alloys containing |, 5, 4 and 9 per cent copper 
scarcely changed the oxygen uptake, a silver-palladium alloy exhibited an 
inhibition activity of about 10 per cent as did a silver-cadmium-copper alloy of about 
50 per cent in average. The copper amalgam had an inhibition activity of 86 per cent 
in average. The plates of silver amalgam showed an inhibition dependent of batch and 
time elapsed since preparation. In the saliva specimens investigated the inhibition of 
oxygen uptake was found to range from 0 to 77 per cent during the first three weeks of 


amalgam age. The significance of an inhibition of the glycolysis is discussed 


Da seit langem bekannt ist, daB Metalle Fermente hemmen oder aktivieren kénnen 
(WARBURG, 1948), lag die Frage nahe, ob und in welchem Ausmaf das Mund- 
héhlenmilieu durch die in der konservierenden Zahnheilkunde gebrauchlichen 
Metalle beeinfluBt wird. Die groBen individuellen Schwankungen des Speichels 


im Verhalten gegeniiber biochemischen Testen, die das Studium des Speichels 


erschweren, kénnten zum Teil durch das Vorhandensein metallischen Zahnersatzes 
*Wir danken der Deutschen Forschungsgemeinschaft fiir finanzielle Unterstiitzung 


[228] 
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und von Metallfiillungen bedingt sein. Nach Zahnbehandlungen wurde bemer- 
kenswerterweise eine erhebliche Anderung des Mundhéhlenmilieus beziiglich des 
Vorkommens von Lactobacillen festgestellt (LAMMERS und HaFerR, 1956). SHEPPARD 
(1935) priifte aus gezogenen Zahnen gebrochene Metallfiillungen und reine Metalle 
auf ihre Bakterizidie gegeniiber einigen Speichelbakterien und stellte fest, dab 
reines Gold und Silber keine bakteriziden Eigenschaften aufwiesen, sondern oftmals 
eine Aktivierung des Bakterienwachstums verursachten. Reines Kupfer und Queck- 
silber dagegen waren stark bakterizid. Amalgamfiillungen variierten erheblich 
in ihren bakteriziden Eigenschaften. Neuere Arbeiten iiber den EinfluB von Me- 
tallen auf das Wachstum von Mundbakterien sind uns nicht bekannt geworden. 


MATERIAL UND METHODEN 

Unser Interesse galt der Beeinflussung der Speichelglykolyse durch Metalle. 
Als Testmethode erschien uns der Sauerstoffaufnahmetest im WARBURG- Apparat 
(Umpreit, BurrRieS und STAUFFER, 1957) am besten geeignet. 

Das Gesamtvolumen des Ansatzes war 2,5 ml und setzte sich zusammen aus: 
.25 ml Versonal-Na-puffer pH 6,9 (5,36 10°°7M) 

0,50 ml Speichel 

0,25 ml Glukose (0,1 M in bidest. Wasser) 

bidest. Wasser ad 2,5 ml 

Zur Bindung des freiwerdenden CO, enthielt das ZentralgefaB 0,3 ml 10% 

NaOH. 

Bei den Testproben wurden ein oder zwei handelsiibliche GuBwiirfel* mit einer 
Gesamtoberflache von je etwa 100 mmé® fiir die Dauer der Inkubation zugesetzt. 
Die Versuchszeit betrug 60 Minuten bei 37°C und einer Schiittelfrequenz von etwa 
120/min. 

Die Kupfer- und Silberamalgame wurden nach den in Deutschland tblichen 
Verfahren hergestellt und in Plastikformen gestopft, die gréBenmaBig genau den 
Gubwiirfeln entsprachen. Das Kupferamalgam wurde in kleinen Platchen vom 
Fachhandel bezogen, die nach Erhitzung verrieben und dann gestopft wurden. 
Fiir die Zubereitung des Silberamalgams diente Zinn-Silberfeilung und Quecksilber. 
Mittels eines Dosators abgemessene Mengen wurden 20 Sekunden in einem Schiittel- 


gerat angemischt und dann gestopft. Die so hergestellten Amalgamkérper wurden 
nach 24 Stunden aus den Formen gebrochen, nach 48 Stunden poliert sowie kurz 
vor jedem Versuch mit Biirste und Kreide gereinigt und mit bidestilliertem Wasser 
gespiilt. In den Zeiten zwischen den Versuchen wurden sie unter Wasser aufbe- 


wahrt. 
Als Untersuchungsmedium diente unstimulierter Niichternspeiche] nach RANKE 


und RANKE (1961), produziert unmittelbar nach dem morgendlichen Erwachen. 
*Fiir die Zurverfiigungsstellung der Metallegierungen danken wir der Deutschen Gold- und 


Silber-Scheideanstalt, Hamburg. 
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Da wir Versuchsreihen mit Speichel jeweils derselben Person iiber langere Zeit planten 
und dafiir eine méglichst gleiche Speichelzusammensetzung erwiinscht war, wur- 
den der Zuverlissigkeit halber vorwiegend Speichelproben des Autors und der 
Laboratoriumsmitglieder fiir den Test herangezogen. 


ERGEBNISSE 
Die Resultate der vergleichenden Untersuchungen iiber die Wirkungen bestimmter 
Gold—Edelmetallegierungen, Silberlegierungen sowie von Kupfer- und _ Silber- 
amalgamen auf die Speichelglykolyse sind in Tabelle | zusammengestellt. Bei den 


TABELLE 1. HEMMUNG DER SAUERSTOFFAUFNAHME DURCH VERSCHIEDENE METALLEGIERUNGEN UND 
AMALGAME IM MENSCHLICHEN NOCHTERNSPEICHEL 


Alter der Hemmung Metalloberflache 
Metallprobe Metallprobe (%) (mm*) 


Goldlegierung mit 1,5°, Kupfer ; 200 
Goldlegierung mit 4°, Kupfer 200 
Go'dlegierung mit 9°, Kupfer - 200 
Silber—Palladium-Legierung 200 
Silber-Cadmium-—Kupfer—Legierung x 200 
Kupfer-Amalgam 0-8 Wochen 100 
Silber-Amalgam 0-3 Wochen 100 


Edelmetallegierungen ist das Alter unbekannt und mit co gekennzeichnet. Die 
Verwendung von zwei Plaittchen im Test mit einer Oberflaiche von zusammen etwa 
200 mm* diirfte etwa einer groBen oder zwei mittleren Fiillungen entsprechen. 
Bei den Amalgamen hielten wir dagegen die Verwendung von nur einem Plattchen 
mit etwa 100 mm®* Oberfliche fiir sinnvoll. Drei untersuchte Gold-Edelmetallegie- 
rungen, die u.a. im Kupfergehalt unterschiedlich sind, zeigten von Speichel zu 
Speichel einen unterschiedlichen (teils aktivierenden, teils hemmenden) Effekt von 
nicht mehr als 5 Prozent. Eine Silber-Palladium-Legierung offenbarte cindeutig 
eine hemmende Wirkung von etwa 10 Prozent (9-13 Prozent), wahrend eine Silber 
Cadmium-Legierung, die heute allerdings kaum mehr verwendet wird, im Durch- 


schnitt eine hemmende Wirkung von 50 Prozent hatte. Von den Amalgamen zeich- 


nete sich das Kupferamalgam durch besonders starke Hemmung der Glykolyse 
aus. Die durchschnittliche Wirkung betrug 86 Prozent mit Extremwerten von 74 
und 91 Prozent. Durch den Fachhandel vertriebene Kupferamalgamrohwiirfel 
unbekannten Alters von etwa gleichgroBer Oberflache hatten die gleiche Hemmungs- 
aktivitat. Die hemmende Wirkung des Silberamalgams erwies sich gegeniiber der 
des Kupferamalgams als sehr unterschiedlich. Innerhalb von 3 Wochen nach der 
Bereitung des Amalgams wurden Hemmungsaktivitaéten von 0 bis 77 Prozent beo- 
bachtet, wobei die Aktivitét von Charge zu Charge variierte. 
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Um zu ermitteln, ob sich die Aktivitaét des Silberamalgams mit dem Alter des 
Amalgams dndert, wurden 6 Versuchsreihen durchgefiihrt, bei denen iiber eine 
Zeitspanne von 3 Wochen im Abstand von | bis 4 Tagen und nach einigen Wochen 
die Aktivitaét derselben Amalgamplattchen im Speichel derselben Person gepriift 
wurde, In Abb. | sind die Hemmungsaktivitaéten der Amalgamplattchen im Speichel 


Hemmung in*/. 
175 Hemmung der Sauerstoffaufnahme durch Silberamaigam 





19 _ 29.54. 





Alter des Amaligams in Tagen 


Ans. |. Hemmung der Sauerstoffaufnahme durch Silberamalgam im Niichtern- 
speichel zweier Personen A und B in Abhangigkeit vom Alter des Amalgams. Jeder 
Punkt bedeutet den Mittelwert der Aktivitat von zwei voneinander unabhiangigen, 


zeitlich hintereinander liegenden Mefreihen mit verschiedenen Amalgamchargen. 


des Autors (Kurve A) und einer Assistentin (Kurve B) in Abhangigkeit vom Alter 
des Amalgams dargestellt. Jeder Punkt bedeutet den Mittelwert der Aktivitaét von 
zwei voneinander unabhingigen, zeitlich hintereinander liegenden MeBreihen mit 
verschiedenen Amalgamchargen. Eine Tendenz des Abfalls der Aktivitaéten mit 
der Zeit ist deutlich zu erkennen. Die auffallige Verminderung der Aktivitét am 
zweiten Tage hangt wahrscheinlich mit dem unmittelbar vorausgehenden Polieren 
der Plattchen zusammen. Sie war auch im Speichel anderer Versuchspersonen 
mit anderen Amalgamchargen nachzuweisen. Nach dem Polieren nahm die Akti- 
vitét durchweg fiir kurze Zeit zu, um dann mehr oder weniger schnell abzufallen, 
aber nicht véllig zu verschwinden. In dieser Versuchsreihe wurden noch nach zwei 
Monaten Hemmungsaktivitéten von 5-10 Prozent nachgewiesen. In den Versuchs- 
reihen mit anderen Personen waren die Schwankungen der Hemmungsaktivitaten 
von einer Probe zur nachstfolgenden sehr viel gréBer, eine Beobachtung, die auf 
die Schwierigkeiten hinweist, die Bedingungen, unter denen die Proben entnommen 
werden, konstant zu halten. Sie deutet ferner darauf hin, daB die Bakterienflora 


sich méglicherweise innerhalb kurzer Zeit Andert. Die Durchschnittswerte dieser 


Versuchsreihen sind 
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fiir den 1. 3. Tag 30,1 + 6,1 Prozent, 

fiir den 5. bis 8. Tag 36,7 +- 6,7 Prozent, 

fiir den 10. bis 14. Tag 25,5 +. 6,0 Prozent und 

fiir den 19. bis 24. Tag 12,1 + 6,6 Prozent, 
wobei die Abweichungen den mittleren Fehler des Mittelwertes darstellen. 

Die eben beschriebenen Versuchsreihen sprechen dafiir, dab die Hemmungs- 
aktivitat mit dem Alter des Amalgams abnimmt, wenn dieselben Amalgamplattchen 
innerhalb einer Versuchsreithe getestet werden. Weitere Versuche ergaben, daB mit 
Silberamalgamplatichen aus verschiedenen Chargen eine Beziehung zwischen 
Hemmungsaktivitét und Amalgamalter nicht zu ermitteln war. 


DISKUSSION 

Es wurden “erste Niichternspeichel” als Probenmaterial verwandt (RANK! 
und RANKE, 1961; BRAMSTEDT, KRONCKE und NAuJoxks, 1957), weil nur diese die 
Gewiahr fiir méglichst konstante Bedingungen bieten und ein Mundhélenmilieu 
reflektieren, das sich waihrend der Nachtruhe einstellt. Die Zeit der Nachtruhe ist 
aber fiir die Karies von groBber Bedeutung, da nach PRADER (1956) sich der Haupt- 
angriff der gebildeten Sduren am Zahnschmelz besonders wahrend der Nacht 
ungest6rt auswirken kann. Wahrend die vergleichenden Untersuchungen von 
handelsiiblichen Gold-Edelmetallegierungen keinen nennenswerten EinfluB im 
Speichel unserer Probanden erkennen lieBen, offenbarten neben den heute weniger 


gebrauchlichen Silberlegierungen die Amalgame zum Teil erhebliche Hemmwir- 


kungen. Trotz einiger Abweichungen von den in vivo vorliegenden Verhaltnissen 
glauben wir aus den Versuchsergebnissen schlieBen zu kénnen, dab die Glykolyse 
auch in vivo in stirkstem MaBe durch die Gegenwart von Kupferamalgam und 
mehr oder weniger stark durch Silberamalgamfiillungen gehemmt werden kann. 
Bei letzteren diirfte die Art der Zubereitung neben dem Alter des Amalgams fiir 
die Hemmwirkung von grober Bedeutung sein. Untersuchungen, inwieweit das 
Mischungsverhaltnis von Feilung und Quecksilber und der Stopfdruck fiir die 
Hemmungsaktivitét bestimmend sind, sind im Gange. Selbstverstandlich stellt 
die GréBe der Metalloberflaiche einen entscheidenden Faktor dar. So wurde z.B., 
bei einem Versuch mit Silberamalgam die Hemmung durch Hinzufiigen eines zweiten 
Plattchens von 65 auf 90 Prozent gesteigert. Unsere Versuchsergebnisse stehen 
beziiglich der Kupfer-und Silberamalgamwirkung im Einklang mit den von SHEPPARD 
(1935) an Bakterienkulturen gemachten Erfahrungen. 

Wir glauben annehmen zu kénnen, daB nach umfangreichen GebiBsanierungen 
mit Amalgamen (spez. Kupferamalgamen) die Glykolyse im Speichel wahrend 
der Nachtstunden erheblich gehemmt werden kann. Folge der Hemmung wire 
eine Verzégerung der “oral sugar clearence” (LUND@visT, 1952), d.h. die Verweil- 
dauer der Kohlenhydrate in der Mundhéhle wiirde verlingert. Auf Grund der 
Untersuchungsergebnisse von LuNnpagvist (1952), PRADER (1956), SWENANDER- 
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LANKE (1957), BRAmstTepT et al. (1954, 1957) und Nausoxs et al. (1961), wiirde 
die Verzégerung der “oral sugar clearance” die Tendenz zur Kariesanfalligkeit 


verstarken. 


LITERATUR 


BRAMSTEDT, F., KRONCKE, A. und Nausoxs, R. 1957: Uber den EinfluB von Fluor auf den Gluko- 
seabbau isolierter Mundbakterienstamme. ORCA Yearbook 1957, 201-206. 

BRAMSTEDT, F., KRONCKE, A., NAujoxs, R. und VONDERLINN, R. 1954. Biochemische Speichel- 
untersuchungen—VI. Die Verbrennung organischer Substrate im Speichel kariesresistenter 
und kariesanfalliger Personen. Dtsch. zahndrztl. Z. 9, 782-791. 

Ericsson, Y. 1961. Die Beziehungen zwischen Speichel und Karies. Dtsch. zahndrztl. Z. 16, 
164-170. 

Lammers, T. und Harer, H. 1956. Biologie der Zahnkaries. Dr. Alfred Hiithig Verlag, Heidel- 
berg 

Lunpoevist, C. 1952. Oral sugar clearance. Its influence on dental caries activity. Odont. Revy 3, 
Suppl. 1, 

Nausoxs, R., BRAMSTEDT, F., RANKE, E. und Auersacu, M. 1961. Zur Problematik der Speichel- 
gewinnung fiir biochemische Untersuchungen. Dtsch. zahndrztl. Z. 16, 171-175. 

Praper, F. 1956. Der Brotabbau durch Speichel. Schweiz. Mschr. Zahnheilk, 66, 210-221. 

RANKE, E. und Ranke, B. 1961. The protein and sediment contents of whole unstimulated human 
saliva in caries resistant and caries susceptible individuals. Vortrag 9. ORCA—Jahrestagung 
London, 1961 

SHEPPARD, M.S. 1935. The bactericidal action of pure metals and metal fillings. Dent. Cosmos 77, 
968-975 

SWENANDER-LANKE, L. 1957. Influence on salivary sugar of certain properties of food stuffs and 
individual oral conditions. Acta odont. scand. 15, Suppl. 23 

Umebreir, W. W., Burries, R. H. und Staurrer, J. F. 1957. Manometric Techniques. Burgess, Minne- 
apolis 

WarpsurG, O. 1948. Schwermetalle als Wirkungsgruppen von Fermenten. Verlag Dr. Werner Saenger, 
Berlin 





6, pp. 234-2460, 1961. Pergamon Press Ltc 


UBER DEN SEDIMENT- UND PROTEINGEHALT 
DES SPEICHELS KARIESANFALLIGER UND 
KARIESRESISTENTER PERSONEN 

und B. RANKE* 
Labor der Klinik und Poliklinik fiir Zahn-, Mund- und 
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Aus dem biochemischen 


Kieferkrar 
Zusammenfassung—Es wurden Protein- und Sedimentbestimmungen im unstimulierten 
Niichternspeiche! durchgefiihrt. Der Proteingehalt wurde nach der Biuretmethode 
der Sedimentgehalt durch 30 Minuten Zentrifugieren in geeichten Hamatokritréhrchen 
nach Wintrose bei 4500 U/min bestimmt 
Die 


geringeren 


Ergebnisse lieben mit hoher Signifikanz einen geringeren Proteingehalt und 


Sedimentgchalt 


in die ersten zwei unstimulierten, morgendlichen Niichtern- 


des Speichels kariesanfalliger Personen gegeniiber re- 


sistenten erkennen, we 


speichelproben von je 4 ml verglichen wurden 


Untersuchunge Uber Proteingehaltsschwankungen im Speichel im Verlaul 


eines Tages zeigten sowohl bei Personen, die wihrend der Zeitdauer des Versuchs 
blieben > 
Absinken der erster Nichternwerte 
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Nachn 
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niichtern auch bei Personen, die Mahizeiten cinnahmen, cin steiles 


15-18 


bis 
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Abbruch 


yhen von ctwa mg ein 


konstantes mg Protein/ml Speichel zum der 


Versuche tlag 
Abstract 


lated fasting carly mort 


am 
been 


The protein contents have been deter- 


sediment determinations have carried out in unstimu- 


ng Saliva specimens 


mined according t 
centrifuging in gaug 
The 


as smaller sedimer 


rev min resu 


group, if the first 
each were 
Investigations 
of a day showed w 


likewise, a steep dec 


e Biuret method; the sediment contents have been measured after 


ed hematocrit tubes according to Wintrobe for 30 min at 4500 


revealed, with high Signinhcance lower protein levels as well 


ntents with the caries susceptible group against the resistant 


instimulated fasting early morning saliva specimens of 4 ml 


compared 


cerning the variations of the protein contents during the course 
fasting individuals, and with individuals with normal food intake 


¢ from the first high value of the fasting specimens of about 15-18 
& ’ 


ma/ml! to much lower ones of a relatively constant remaining level of about 1-5 me 


of protein/ml of sa up to the interruption of the essay in the afternoon 


UNTERSUCHUNGEN Uber eine eventuelle Bezichung zwischen Proteingehalt des 


Speichels und Zahnkaries wurden u.a. von Krasnow und Ostatr (1933) durch- 


gefiihrt. Die Autoren fanden, dab der Proteingehalt des gesamten Speichels bei karies- 
resistenten Personen hdufig erhéht war, dab aber nach Zentrifugieren des Speichels 
der gleichen Gruppe weniger Sediment abgesetzt wurde als bei kariesanfalligen 


Personen. Sie vermuteten, dab das Protein im Speichel kariesresistenter Personen 


*Wir danken der Deutschen Forschungsgemeinschaft fiir finanzielle Unterstiitzung 
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stabiler sei als bei kariesanfalligen. GELLER und ROveLSTAD (1959) beobachteten 
einen leicht erhéhten Gehalt an Gesamtprotein im Parotisspeichel von Kariesan- 
falligen. Dewar und Parritr (1954) stellten entgegen der landlaufigen Ansicht, 
daB hohe Speichelviskositét mit erhéhter Kariesanfalligkeit verbunden ist, keine 
Relation zwischen Mucingehalt und Karies fest. Die sich widersprechenden Angaben 
liber den Proteingehalt des Speichels in Beziehung zur Karies beruhen sicher zum 
Teil auf der Anwendung unterschiedlicher Methoden der Proteinbestimmung und 
der Speichelgewinnung. Die Ergebnisse der Speichelproteinbestimmungen im Rah- 
men unserer biochemischen Speicheluntersuchungen an_ kariesresistenten und 
kariesanfalligen Personen sollen zu rKlarung der Begriffe beitragen und die Kennt- 
nisse iiber die Verainderungen des Mundhéhlenmilieus erweitern. 


MATERIAL, METHODEN 

Speichelproben kariesanfilliger und -resistenter Personen wurden morgens 
unmittelbar nach dem Erwachen, unstimuliert, niichtern und vor jeglicher Mund- 
reinigung gewonnen. Am Abend vor der Speichelgewinnung wurde von den Versuchs- 
personen der Mund nur mit Wasser ausgespiilt, also weder Zahnpflegemittel noch 
Biirste benutzt. Die gesammelte Speichelmenge betrug durchschnittlich 4 ml. 
Der Speichel war den Vc ‘suchsbedingungen nach ein sogenannter Mischspeichel und 
kein reiner Driisenspeichel. Die Auswahl der Versuchspersonen (vorwiegend An- 
gehérige der Universitatsklinik und Poliklinik fiir Zahn-, Mund- und Kieferkrank- 
heiten Hamburg) erfolgte auf Grund des klinischen Zustandes des Gebisses, der 
Kariesanamnese und wurde durch einen O,-Aufnahmetest des Speichels unterstitzt 
(KRONCKE und NaAusoxks, 1956). 

Friihere Untersuchungen hatten gezeigt, daBb eine Sauerstoffaufnahme iiber 
95 ul O,/ml Speichel Kariesresistenz, eine solche unter 65 ul O, Kariesanfalligkeit 
anzeigen (KRONCKE und Nausoks, 1956). Zur Sedimentbestimmung wurden geeichte 
Haimatokritréhrchen nach WintRoBe benutzt. Nach 30 Minuten Zentrifugieren 
bei 4500 U/min wurde die Sedimentmenge abgelesen und auf 1 ml Speichel berech- 
net. AnschlieBend wurde der Inhalt dieser R6hrchen vorsichtig in Versuchsréhr- 
chen Ubergefiihrt und der Proteingehalt vermittels der Biuretmethode (ROBINSON 
und HoGpeEN, 1940) bestimmt. Um die zum Teil starke Triibung der Speichellésung, 
die die Extinktion erheblich erhéht, zu eliminieren, wurde zu jeder Bestimmung 
auBer der Reagenzblindprobe eine Speichelprobe mit 0,2 N NaOH statt des Biu- 
retreagenzes angesetzt und diese Extinktion von derjenigen der eigentlichen Versuchs. 
lésung abgezogen. Die Extinktionswerte wurden anhand einer Eichkurve auf mg 
Casein berechnet und auf | ml Speichel bezogen. 


ERGEBNISSI 
Um ein MaB fiir die Schwankungen in der Speichelzusammensetzung wahrend 
eines Tages bei ein und derselben Person zu erhalten, wurden in einem Vorversuch 


bei kariesresistenten und -anfilligen Personen Speichelproben im Abstand von 
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bis 14 Stunden gesammelt. Wie das in Tabelle | fiir cine kariesresistente Person 
Beispiel erkennen lat, fand sich der héchste Protein- 


angeluhrte reprasentat 
Absinken des Proteingehaltes auf 


wert im ersten Niichternspeichel (S1). Steiles 


weniger als die Hilfte des Anfangswertes zeigte die zweite Speichelprobe (S2) 


RTE EINER KARIESRESISTENTEN PERSON IM VERLAUF EINES VORMITTAGS 


TABELLE |. SPEICHELPRO 
TAGES MIT NORMAL EINGENOMMENEN MAHLZFITEN 


(NUCHTERN) FINES 


Protein mg Protein 
Uhrzeit 
Speiche mi Speichel 


30 Minuten na 
90 Minuten 


Von der dritten Speichelprobe ab wurde fiir beide Versuchsgruppen ein Kurven 
lem die Proteinwerte bis zum Versuchsende am Nachmittag 


verlauf gefunden, be: 
Nur die ersten Speichelproben 


1.8 und 5,2 mg Protein/ml Speichel lagen 


zwischen 
uppen erwicsen sich als signifikant unterschiedlich. Nach 


der beiden Personeng 
einer Mahlzeit gewonnene Speichelproben schienen etwas niedrigere Proteinwerte 


zu ergeben, wenn sie 30 Minuten nach der Nahrungsaufnahme mit anschlieBender 
Mundspilung gesammelt wurden. 
Da der Vorversuch erkennen lieB, dab vom dritten Niichternspeichel ab Unter- 


schiede im_ Proteingehalt Personen 


les Speichels kariesresistenter und -anlilliger 
innerhalb der individ en Streuung lagen, wurden in ecinem zweiten Versuch 


vergleichende Proteinanalysen in drei unmittelbar hintereinander produzierten 


Niichternspeichelproben von je 4 ml bei 20 Kariesresistenten, 18 Kariesanfalligen 
und 14 nicht sicher zu klassifizierenden Personen durchgefiihrt und durch Sauer- 


stoffaufnahmeteste erginzt. Die erste Niichternspeichelprobe (SI), deren Gewinnung 


oben beschrieben ist, zeigte die gréBten 
Tabelle 2). Der unmittelbar im AnschluB an die erste Niichternspeichelprobe (S1) 


gesammelte Speiche! (S2) ergab ebenfalls noch signifikante Unterschiede. Der 


Unterschiede im Proteingehalt (vergl. 


Niichternspeichel kariesanfalliger Personen erwics sich unter diesen Bedingungen 
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einwandfrei als proteindrmer als der kariesresistenter. Die Speichelproteinwerte 
der nicht zu klassifizierenden Personen lagen zwischen den beiden extremen Grup- 


+ 


pen. Die Speichelproben $3 zeigten keine statistisch gesicherten Unterschiede. 


TABELLE 2. PROTEINGEHALT und O,-VERBRAUCH PRO ml SPEICHEL IN DEN ERSTEN DREI UNMIT- 

TELBAR AUFEINANDER FOLGENDEN NOCHTERNSPEICHELPROBEN VON JE 4 ml BEI KARIESRESISTENTEN, 

-~ANFALLIGEN UND -FRAGLICHEN PERSONEN. Die Ergebnisse sind Durchschnittswerte fiir Versuchs- 
reihen von 20 (KR), 18 (KA) bzw. 14 (Kt) Einzelversuchen 


mg Protein/m! Speichel 


Probe 


0,76* 
0,42 
0,50 


Sauerstoffverbrauch (1 O,/ml Speichel pro Stunde) 


t-Wert 
Probe KR 
rove (KR : KA) 


156,3 11,8* , A 9,29 
68.3 6.6 ; y 6.07 
50,7 5,3 ; r 4,31 


Mittlerer Fehler des Mittelwertes. 
Vergleichende Protein- und Sedimentbestimmungen im ersten Niichternspeichel 


von 22 kariesresistenten, 19 kariesanfalligen und 10 kariesfraglichen Personen be- 
statigten den bei Kariesanfialligkeit beobachteten geringeren Proteingehalt und 


zeigten, da auch der Sedimentgehalt bei kariesanfilligen Personen signifikant 
erniedrigt ist (vergl. Tabelle 3). Die Werte der Kariesfraglichen liegen zwischen 


den beiden extremen Gruppen. 


TABELLE 3. SEDIMENT- UND PROTEINGEHALTE DER ERSTEN NOUCHTERNSPEICHELPROBE 


(4 ml) VON KARIESRESISTENTEN, -ANFALLIGEN UND -FRAGLICHEN PERSONEN. Die 


Ergebnisse sind Durchschnittswerte fiir Versuchsreihen von 22 (KR), 19 (KA) und 


10 (Kt) Einzelversuchen 

KA t-Wert 
(KR : KA) 
ml Sediment 0,186 -. 0,014* 0,086 + 0,010* 0,120 + 0,013* 


ml Speichel 
mg Protein 16,00 0.88 6,48 0,65 9.60 1,05 


ml Speichel 


Mittlerer Fehler des Mittelwertes 
Kariesfraglich 
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Um festzustellen, wie sich der Proteingehalt auf die beiden Fraktionen des 


zentrifugierten Speichels verteilt, wurden Sediment und Uberstand getrennt unter- 


sucht. Bei Kariesanfalligen zeigte sich der Proteingehalt, der auf den Sedimentanteil 
des Speichels pro ml Speichel entfallt, signifikant niedriger als bei resistenten Per- 
sonen: 


KA 3,20 mg/ml Speichel 
KR = 13,88 mg/ml Speichel 


Im Gegensatz dazu sind die Proteingehalte, die auf den Uberstand pro ml Speichel 
entfallen, nicht signifikant unterschiedlich (vergl. Tabelle 4). 


TABELLE 4, PROTEINGEHALT IM SEDIMENT UND UBeERSTAND DES SPEICHELS 
KARIESANFALLIGER UND -RESISTENTER PERSONEN (BIURETMETHODE) 


mg Protein/ml Niichternspeichel 
KA KR 


Sed U berst Sed U berst. 


4.85 2,45 ' 12,90 3,41 
4,43 2,02 9.81 7,25 
0.69 0.88 . 10,81 494 
5,94 3,17 20,40 3,29 
4.63 0,40 16,90 1,62 
3.61 3,99 6,80 3,22 
0,21 2,59 23,00 2,00 
2,96 2,96 ) 8,00 2,46 
1,50 0.61 . 19,05 1,00 

13,04 3,28 


3,20 2,12 13,88 3,28 
0,668 0,415 1,590 0,512 


t-Wert fiir KA/KR Sediment: 6,32 
KA/KR Uberstand: 1,74 


STATISTIK 
Die statistische Sicherung der Unterschiede zwischen den Mittelwerten wurde 
nach den bei HODGMAN (1956) angegebenen Methoden durchgefiihrt. Danach 


ist 


2 Freiheitsgraden. 
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DISKUSSION 

Die erzielten Ergebnisse zeigen, dab eine standardisierte Probeentnahme 
fiir Speicheluntersuchungen von grundlegender Wichtigkeit ist und sich nur die 
erste unstimulierte Niichternspeichelprobe in einer Menge von etwa 4 ml fiir solche 
Experimente eignet. Alle spiter gesammelten Proben zeigen zum Teil stark ernied- 
rigte Werte z.B., der Aldolaseaktivitét, der Sauerstoffaufnahme und des Prote- 
ingehaltes (NAUJOKS ef al. 1961). Die Unterschiede zwischen den nach dem klini- 
nischen Zustandsbild und der Sauerstoffaufnahme als kariesanfallig und kariesre- 
sistent klassifizierten Personen sind hier nicht mehr signifikant und kénnen sich 
beim Vergleich verschiedener Speichelfraktionen sogar umkehren. Nach den drei 
ersten Niichternspeichelproben von je 4 ml erreichen die Proteinwerte sowohl bei 
weiterhin niichternen Personen als auch nach zu normalen Zeiten eingenommenen 
Mahizeiten ein verhaltnismaBig konstantes Niveau von etwa 2 bis 5 mg Protein 
pro ml Speichel. Signifikante Unterschiede zwischen KA und KR sind dann nicht 
mehr festzustellen. Die gefundenen Werte fiir diese Fraktionen entsprechen den 
von 


Gorin (1948) (280 mg/100 ml) 
KRASNOW und KARSHAN (nach GorLIn, 1948) (260-300 mg/100 ml) 


HaARNDT (1959) (0-560 mg/100 ml) 
angegebenen Mengen. 

Diese Zahlen weisen darauf hin, daB bei den Versuchen der angefiihrten Autoren 
nicht die von uns verwendete erste Speichelprobe (S1) analysiert wurde, sondern 
etwa S4 oder eine spatere. Auch KRASNOW und OsLatr (1933) wiesen schon darauf 
hin, daB Unterschiede zwischen KA- und KR-Personen am deutlichsten festzu- 
stellen sind, wenn unstimulierter Niichternspeichel fiir die Versuche verwendet 
wird. Diese Feststellungen konnten durch die vorliegenden Untersuchungen sowie 
durch die Experimente von NAUJOKS ef al. (1961) u.a. im einzelnen bestatigt werden. 

Unterschiede in der Probeentnahme waren danach bereits eine Erklarung fiir 
die in der Literatur zu findenden, haufig voneinander abweichenden oder sogar 
sich widersprechenden Ergebnisse. Die Frage, ob der gefundene héhere Protein- 
gehalt im Speichel kariesresistenter Personen im Hinblick auf eine Erhéhung der 
Pufferkapazitat des Speichels von Bedeutung ist, konnte auf Grund der vorliegenden 
Ergebnisse nicht beantwortet werden. Die sehr einfache Bestimmung des Speichel- 
sedimentes erscheint jedoch geeignet, die Klassifizierung der zu untersuchenden 


Personengruppen zu erleichtern. 
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BEZIEHUNGEN ZWISCHEN DEM . 
PHOSPHATGEHALT DES SPEICHELS UND KARIES* 


G. AHRENS 
Biochemisches Laboratorium der Klinik und Poliklinik fiir Zahn-, Mund- und 
Kieferkrankheiten, Hamburg, Deutschland 


Zusammenfassung—Im Niichternspeichel von kariesanfalligen und kariesresistenten 
Personen wurden folgende Phosphatfraktionen untersucht: Gesamtphosphat, anor- 
ganisches Phosphat, nicht sdurelésliches und sdéurelésliches organisches Phosphat. 
Es konnte gezeigt werden, dah 

1. eine Korrelation aller Fraktionen mit der Sauerstoffaufnahme des Speichels 

besteht, 

2. alle Fraktionen im Speichel Kariesresistenter signifikant erhéht sind, 

3. alle Fraktionen untereinander in einem bestimmten Verhaltnis stehen. 
Abstract—From the literature which has so far been published it is not possible to draw 
definite conclusions about the relation between the phosphate content of human 
saliva and caries; this paper therefore examines these relations from a new point of 
view. 

The examination concerned the amount of oxygen uptake of human saliva as 
well as the following phosphate fractions—total phosphate (i.e. the sum of all orga- 
nic and inorganic phosphate compounds), total phosphate in de-albumenized super- 
natant and inorganic phosphate. From these data the values for organic phosphate 
which is soluble in acid and for non-acid soluble organic phosphate were calculated. 
Great care was taken to obtain the saliva of a person under certain carefully 
described conditions. 

The results show a definite correlation between the oxygen uptake and all kinds 
of phosphates. Dividing the test persons into caries active persons and caries resistant 
ones, we obtain the following average values whose differences are statistically high 


significant with the exception of the phosphate soluble in acid: 


: IP Organic P Organic P 
ota ota norganic 
———— (soluble in (not soluble 


P in sediment , F 
acid) in acid) 


Caries 48,3 40,6 3,1 7,4 
(mg/100 ml) 


Caries active 29,3 26,2 2,1 3,1 


resistant 


IN DER Kariesforschung sind wenige Fragen so oft untersucht worden wie die, 
ob zwischen dem Phesphatgehalt des menschlichen Speichels und dem Auftreten 
von Karies ein Zusammenhang besteht. Trotz zahireicher Untersuchungen (BECKS 


*Wir danken der Deutschen Forschungsgemeinschaft fiir finanzielle Unterstiitzung 
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und WAINWRIGHT, 1946: BRAWLEY und Sepwick, 1940; EGGers Lura, 1947: 
ENTIN und GeIkKIN, 1928; KARSHAN, 1939; KNAPPWosT, 1952; Maruis, 1934; 
STRALFORS, 1959; Ericsson, 1949; u.a.) konnte die Frage nicht eindeutig beantwortet 
werden. Der Fortschritt unserer Erkenntnisse auf dem Gebict der biochemischen 
Speicheluntersuchungen lat heute drei Faktoren erkennen, die als Hauptursachen 
fiir die bisher uneinheitlichen Ergebnisse in Betracht kommen: 
1. Mangelnde Standardisicrung bei der Speichelprobenentnahme, 
2. ungenaue Klassifizierung der Probanden in Kariesanfallige und Kariesresistente, 
3. ungeeignete Methoden der Phosphatbestimmung. 

Es ist Aufgabe dieser Arbeit, das Problem unter Beriicksichtigung der oben- 


genannten Punkte erneut zu bearbeiten. 


MATERIAL 
Die Versuchspersonen entleerten unmittelbar nach dem morgendlichen Erwachen 
4 ml Speichel in ein graduiertes Glasréhrchen. Die Verarbeitung der Proben im 
Laboratorium begann sogleich um 8 Uhr morgens. Die Probanden waren angewie- 
sen, die Proben bis zur Ablieferung kiihl zu halten. Als Grundlage der Auswertung 


dienten 40 auf diese Art gewonnene Speichelproben. 


METHODEN 

In jeder Speichelprobe wurde bestimmt: 

1. Sauerstoffverbrauch; 

2. Gesamtphosphat; 

3. Gesamtphosphat im enteiweibten Speicheliiberstand ; 

4. Anorganisches Phosphat. 
Aus den Werten fiir 2-4 wurde nach folgendem Schema der Gehalt der Proben 
an Phosphat errechnet 

Gesamtphosphat anorganisches Phosphat = organisches Phosphat (gesamt) 


Gesamtphosphat — Gesamtphosphat im enteiweiBten Uberstand = nicht siu- 


relésliches organisches Phosphat 

Gesamtphosphat im Uberstand — anorganisches Phosphat = sdurelésliches orga- 

nisches Phosphat. 

Die Messung des Sauerstoffverbrauchs wurde nach der von Umpreit, BURRIS 
und STraurrer (1957) beschriebenen Warburg-Manometertechnik vorgenommen 
Ansatz: 1,25 ml Veronalpuffer, pH 6,9 

0,25 ml Speichel 

1,00 ml H,O 

0,30 ml 10-prozentige NaOH (Zentralgefab) 
Die Bestimmung des Gesamtphosphates (Methode 2) erfolgte nach feuchter Ver- 
aschung mit einem Gemisch aus H,SO, und HCIO,. Nach Enteiweiben der 
Probe mit HCIO, und Zentrifugieren wurde im klaren Uberstand das anorga- 
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nische Phosphat (Methode 4) und nach Veraschung das Gesamtphosphat im Uber- 
stand (Methode 3) bestimmt. Eine ausfiihrliche Beschreibung aller Methoden 
findet sich bei AnRENS (1961). 


ERGEBNISSI 

Die Resultate dienten zur Beantwortung von drei Fragestellungen: 

1. Besteht eine Beziechung zwischen Sauerstoffverbrauch und Phosphatge- 
halt? 
Stehen die einzelnen Phosphatfraktionen untereinander in einem bestimmten 
Verhiltis? 
Wie groB sind die Unterschiede der einzelnen Phosphatfraktionen zwischen 
der Gruppe der Kariesanfalligen und der Gruppe der Kariesresistenten? 

Zu | 


Die Werte jeder Phosphatfraktion aller Proben wurden in einem Koordinaten- 


system gegen den Sauerstoffverbrauch aufgetragen, wie es in Abb. | als Beispiel 


fiir anorganisches und organisches Phosphat gezeigt wird. Die statistische Aus- 
wertung erfolgte durch Aufstellen des Korrelations- und Regressionskoefhizienten 


© anorganisches Phosphat 
x organisches Phosphat 


mg. PhO sphOr | Spelche( 
60 








250 M/seq 


Ass. 1. Korrelation von anorganischem und organischem Phosphat mit der Sauer- 
stoffaufnahme des menschlichen Speichels. 


sowie durch Einzeichnen der daraus errechneten Regressionsgeraden in die graphische 
Darstellung. Es ist trotz der Streuung deutlich zu erkennen, dab mit steigendem 
Sauerstoffverbrauch auch die Werte fiir anorganisches und organisches Phosphat 
ansteigen. Die Regressionsgeraden als beste Schaétzung der mittleren Bezichung 
zum Sauerstoffverbrauch verdeutlichen den Eindruck einer positiven Korrelation 
noch mehr. Die Korrelationsbilder fiir sdurelésliches und nicht sdureldsliches 
Phosphat sowie fiir Gesamtphosphat dhneln dem gezeigten Beispiel, so daBb auf 
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ihre Darstellung verzichtet werden kann. Die genauen Werte der Korrelations- 
koeffizienten und ihre statistische Sicherung betrugen: 


des O,-Verbrauchs li Sicherung 


Gesamtphosphat 0.648 99.9 
Anorganisches Phosphat 0,934 99.9 
Organisches Phosphat 0.645 99 9 
Nicht sdurelésl. org. Phosphat 0,658 99.0 


Saurelos! g. Phosphat 0,331 90.0 


*r gibt die Strenge einer Korrelation an. Beim Nichtvorhandensein ist 7 0 und liegt sonst 
zwischen +1 und —1. Die statistische Sicherung gibt hier die Wahrscheinlichkeit an, mit der sich 
r signihkant von O unterscheidet 
Es kann somit festgestellt werden, daB zwischen den Werten der untersuchten 
Phosphatfraktionen und dem Sauerstotfverbrauch im Speichel cine cchte Korre- 
lation besteht. Fiir sdurelésliches organisches Phosphat betrug dic statistische Si- 
cherung nur 90 Prozent, so daB das Ergebnis in Bezug auf diese Fraktion nicht 


als ganz cindeutig gelten dari 


Zu 2 


Die Versuchspersonen wurden nach dem klinischen Bild und der Sauerstoffauf- 


nahme thres Speichels in cine karicsantfallige und in cine kariesresistente Gruppe 


eingeteilt. Fir jede Gruppe wurde der mittlere prozentuale Anteil des anorganischen 


und des organischen | ats am Gesamtphosphat errechnet (Abb. 2). Der In- 


Ans. 2. Verhil wischen anorganischen und organischen Phosphatfraktionen 


im Speichel vor esresistenten und kariesanfilligen Personen. Der Inhalt der 


Kreisflache ¢« wicht dem durchschnittlichen Gesamitphosphatgehalt 
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halt der Kreisflache entspricht dem mittleren Gesamtphosphatgehalt jeder Gruppe. 
Man erkennt, daB Kariesanfallige einen verringerten Gesamtphosphatgehalt haben. 
Im relativen Verhaltnis der anderen. Fraktionen bestehen zwischen beiden Gruppen 


nur geringfiigige Unterschiede. Es wurde mit dem Studentschen ¢-Test* gepriift, 


ob diese Unterschiede zufallige oder signifikante Abweichungen sind: 


Mittl. Differenz zwi- 
Mittl. Differenz 


chen Gesamtphosphat 
zwischen Gesamt- 


im Vollspeichel u. Ge- 
Phosphat u. anor- 
samtphosphat im 


ganischem Phosphat - 
enteiweiBten Uberstand 


KR 103,3 78,1 
KA 50,5 31,4 
t-Wert 2,467 2,167 


Stat. Sicherung (%%) 95 95 


Die Unterschiede der Mittelwerte sind nicht signifikant. Man kann also folgern, 
daB die untersuchten Mittelwerte sich in beiden Personengruppen nur zufallig 
voneinander unterscheiden; mit anderen Worten: es besteht ein festes Verhaltnis 
aller Phosphatfraktionen zueinander, und dieses Verhdltnis ist bei Kariesanfalligen 
und bei Kariesresistenten gleich. Der verringerte Gesamtphosphatgehalt bei Ka- 
riesanfilligen kommt also dadurch zustande, daf alle Fraktionen gleichmabig 


vermindert sind. 


Zu 3 
Die Mittelwerte der Gruppendurchschnitte aller Fraktionen wurden errechnet 


und ihre Differenzen mit dem Studentschen ¢-Test gepriift: 


Organisches Phosphat 


imt sdure- Nicht sdu- 
léslich reléslich 


(mg (mg ) 


3,1 

0, 

KA 2 26, ; 5, 2,1 
; , 0,4 

t-Wert ; 93 5 ,68 0,97 


Statistische 


Sicherung 


*Alle statistischen Verfahren wurden Ko.Lier (1955) entnommen 
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Es bestehen also in allen Fraktionen erhebliche Unterschiede zwischen beiden 
Gruppen (Abb. 3). Die Werte der kariesresistenten Gruppe sind stets héher. 


saureloslich 


- 


nicht saure- 
leslich 























gesamt anorganisches oarganisches 
Phos phat 


Ans. 3. Gegeniiberstellung ciniger Phosphatfraktionen im Speichel Kariesanfalliger 


und -resistenter. 


Sie betragen in einigen Fallen fast das Doppelte der Kariesanfalligen. Mit Aus- 


nahme des sdureléslichen organischen Phosphats sind alle Unterschiede statistisch 
gesichert. 
DISKUSSION 

Die vorliegende Arbeit erstrebt einen Vergleich zwischen Speichelphosphatgehalt 
und Kariesanfalligkeit. Die Schwierigkeit liegt—wie bei allen dhnlichen Arbeiten—in 
der exakten Bestimmung des Grades der Kariesanfalligkeit. Eine einmalige Erhebung 
des Gebibbefundes (z. B. die Aufstellung des DMF-Index) laBt bekanntermaben 
nur bei groben Personengruppen, wie sie bei epidemiologischen Untersuchungen 
vorliegen, einen Hinweis auf die Kariesaktivitét zu. Bei kleineren Gruppen ist cine 
vorausgehende Kontrollzeit von mindestens einem Jahr und ein Vergleich der 
Gebibbefunde vor und nach der Kontrollzeit zu fordern (BAUME, 1956). 

Die vorliegenden Untersuchungen wurden wahrend der Kontrollzeit des betreffen- 
den Personenkreises unternommen. Da infolgedessen die klinische Kariesanfiallig- 
keit noch nicht endgiiltig feststand, gingen wir, gestiitzt auf Arbeiten von BRAM- 
sTept und Mitarbeitern (BRAMSTEDT und VONDERLINN, 1952; NAUJOKS und VoN- 
DERLINN, 1953; KRONcKe und NAusoxs, 1956; KRONcKE, 1960) von der Voraus- 
setzung aus, daB die Héhe des Sauerstoffverbrauchs eine gute Schitzung der Karies- 
disposition bei Gruppenuntersuchungen darstellt. Da dieses Verfahren sich oft 
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bewahrt hat und auch von anderer Seite Bestaétigungen seiner Brauchbarkeit vor- 
liegen (BURNETT, 1952; KorHe und ScHUTZMANNSKY, 1957), erschien seine An- 
wendung gercchtfertigt. 

Die Tatsache, da die gefundenen Phosphatwerte im Vergleich zu anderen 
Autoren sehr hoch liegen, wurde bereits an anderer Stelle (AHRENS, 1961) aus- 
fiihrlich diskutiert. Sie ist hauptsachlich auf die Verwendung des ersten morgend- 
lichen Nichternspeichels als Untersuchungsmaterial zuriickzufiihren. 

Das vermehrte Auftreten von anorganischem Phosphat im Speichel Karies- 
resistenter wurde schon von anderen Autoren festgestellt (KARSHAN, KRASNOW und 
KREICI 1931; KARSHAN 1939; Ericsson, 1949). Nur waren die gefundenen Unter- 
schiede nicht so deutlich, weil Tages- oder stimulierter Speichel verwendet wurde. 

Uber das organische Phosphat im menschlichen Speichel liegen bisher nur 
wenige Untersuchungen vor (EGGers-LuRA, 1949). Einige befassen sich mit bestimm- 
ten Verbindungen der organischen Fraktion (NAUJOKS ef al., 1958, AHRENS und 
RANKE, 1961). Die bisherigen Arbeiten stimmen mit der vorliegenden darin iiberein, 
daB eine Vermehrung der organischen Phosphatfraktion oder bestimmter, ihr zu- 


gehérender Verbindungen (z. B. der energiereichen Phosphate) im Speichel karies- 
resistenter Personen gefunden wurde. Diese Ergebnisse stehen im engen Zusammen- 
hang mit der bei Kariesresistenten ebenfalls erhéhten Sauerstoffaufnahme, da 
organische Phosphate am Ablauf des Kohlenhydratabbaus und damit am AusmaB 


des Sauerstoffverbrauchs beteiligt sind (BRAMsTEDT ef al., 1954). 
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SOME PHYSICO-CHEMICAL PROPERTIES OF THE 
CARIOUS AND NON-CARIOUS SALIVA 


D. Hatryasy, I. SzAB6 and K. Toru 


Research Department, University Clinic, and Hospital for Oral and Dental Diseases, University 
Medical School, Szeged, Hungary 


Abstract—The aim of our investigation was to determine whether there is a correlation 
between the rate of salivation, the clinical picture, the acid producing power, the pH 
value, the pK value, the redox potential and the oxygen consumption of the saliva 
of active carious, of arrested carious, and of non-carious juveniles. 63 boys between the 
ages of 7 and 14 were examined clinically and using the Snyder test; we selected three 
groups, each of ten test persons for tests concerning acid formation (Sn) and caries: 

(1) Sn negative or weakly positive who had good teeth; 

(2) Sn medium positive, mostly with arrested caries; 

(3) Sn strongly positive, the majority with active multiple caries. 

Results: Jn vitro, the pH of the saliva moves to the alkaline side; however it 
shows a certain amount of stability. In avg. the cases of groups (1) and (2) have 0-3 pH 
higher values; in the three groups the pH and pK values show strikingly similar dif- 
ferences; for the groups (1) and (2) the pH values in avg. are almost identical. There 
was not much difference in the oxygen consumption of the three groups but there 


was a tendency towards low values even in the most active clinical cases. Low sali- 


vation speed and relatively low oxygen consumption were found for a number of 
non-carious and active saliva specimens; the difference however lies in the fact that 
the latter were strongly Sn positive. The potential determinations do not seem to 
show a correlation in our material. 

Selected cases of group (1) [compared with selected cases of group (3)] have 
in avg. 0.54 higher intraoral pH and 2,085 higher pK vaiues (see Tab. 2,3,4). 
Zusammenfassung—Unser Ziel war das Bestehen einer Korrelation zu untersuchen 
zwischen der Geschwindigkeit der Speichelabsonderung, dem klinischen Bild, dem 
Saurebildungsvermégen, dem pH-Wert, dem pX-Wert, dem Redoxpotential und 
des O,-Verbrauches des Speichels aktiv kariéser, passiv kariéser (arrested) und 
kariesfreier Jugendlicher. Auswahl nach dem klin. Bild und Snyder-Test aus 63 
Jungen zw. 7-14 Jahren; es wurden 3 Gruppen zu je 10 Probanden gebildet, beziig- 
lich der Sdurebildung (Sn) und Karies: (1) Sn neg. u. schwach pos., gute Zahne; 
(2) Sn mittelstark pos., meist mit passiver Karies: (3) Sn stark pos., iiberwiegend 
mit aktiven multiplen Kariesherden. 

Resultate: Jn vitro verschiebt sich das pH des Speichels n. d. alkalischen Seite, zeigt 
aber eine gewisse Konstanz. Die Fille d. Gruppen (1) u. (2) haben im D einen um 
0,3 pH grésseren Wert; die pH u. pK-Werte zeigen auffallend ahnliche Differenzen 
in den 3 Gruppen; die pH-Werte der Gruppen (1) u. (2) sind im D fast identisch. 
Der O.-Verbrauch zeigte b.d. Gruppen keine wesentliche Differenzen, aber eine 
Tendenz zu niedrigen Werten eben b. d. klinisch am meisten aktiven Fallen. Ge- 
ringe Geschwindigkeit in der Speichelabsonderung und rel. geringer O.-Verbrauch 
waren fiir eine Anzahl der kariesfreien und aktiven Speichel zu finden, mit dem 
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Unterschied jedoch, dass letztere stark Sn positiv waren. Die Potentialbestimmungen 
scheinen an unserem Material keine Korrelation zu zeigen 
Selektierte Falle der Gruppe (1) zeigen gegeniiber solchen der Gruppe (3) 

im D um 0,54 héhere intraorale pH-Werte und um 2,085 hérere pXK-Werte 

(s. Tab. 2,3,4) 
[HE DIFFERENTED results obtained by different investigators concerning saliva pH 
(2, 8, 14, 30), buffering capacity (5, 11, 15, 16, 17, 19, 20, 24, 38, 39, 42), acid 
production, redox potential (eH) (6, 9, 10, 19, 21, 41), rate of flow of saliva and 
oxygen-consumption (1, 3, 4, 7, 12, 29, 35) not only in the carious values but in 
the physiological values as well prompted us to investigate these factors in a selected 
group of young human males. 

We wished to obtain data on the same individuals concerning these different 
factors, viz. mechanisms, and to be able contribute some new results to those so 
far obtained by the said authors. We were anxious to determine which test (7, 31, 
25, 38) or tests could be used most effectively for assesing caries susceptibility. 


Initially young individuals were chosen living in a relatively constant environment 


35, 37) have been already obtained. 

We selected 15 boys from 6 to 13 years old with no carious teeth and 24 boys 
with one or more lost or decayed teeth between 6 and 14 years old. All these indi- 
viduals were living in a children’s home, in a sort of college (33, 34). As we will 
show later we had to look for another group of boys with bad teeth because this 
college “carious” group showed itself very similar to the group with intact teeth. 
This later group consisted of 23 boys, of 10-12 years of age, with one or more miss- 


ing and decayed teeth and were pupils of a public school in the city (32). 


METHODS 

|. Caries: clinical and X-ray. Classified as caries free were subjects with no 
caries at all and no disintegrated fissures who showed no more than a Snyder- 
reaction after 48 hr repeated tests (12, 25, 26, 27, 28), The carious-group contains 
cases with six or more DMF teeth and a Snyder or more after 24 hr. 

2. Collection and rate of flow of saliva. Whole saliva was collected before breakfast 
without cleaning the teeth. Most of the boys spat in a marked glass-container (groups 
1, 11, L11); in some cases we obtained it with suction (groups [V and V) and noted 
the quantity after 5, 10 and 20 min; we used no additional stimulation. The saliva 
samples were collected partly in a nearby school (groups I and I1) and could be used 


in half an hour, partly in the laboratory (group II1), and as a complementary part 


of these investigations there were two small groups (groups IV and V) from which the 


saliva samples were taken individually in the laboratory and employed instantly. 
3. Acid production. Snyder-tests as modified by us (31) were carried out and 
repeated on two or three successive days. Readings were obtained after 24 and 48 hr 


Colour intensity with 0-4 x-marks. 
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4. pH-determinations. These were made with the Danish universal pH-meter 
22, Copenhagen, partly in vitro after allowing the specimen to stand for different 
lengths of time, partly intraorally with a glass-electrode. 

5. Buffering-capacity. (pK) with Ericsson’s (11) method clinical test 1. Greater 
buffering capacity means greater values and a minor difference between pH and pK. 

4. Redox potential-determinations. These were made with the platinum-ele ctrode 
against the calomel-electrode. We have used three electrodes. The readings were 
generally taken after 2 min but in some cases after 1, 2, 5, 10, 20 and 30 min. The 
electrodes were cleaned after each determination in chromic-sulphuric acid. Before 
use the electrodes were standardized in a Fe" — Fe'™ containing solution. 

7. Oxygen consumption. (W). This was determined in the Warburg-manometers 
after the instructions given by Umpreit, BURRIS and STAUFFER, Manometric Technique 
and Tissue Metabolism (40). Parallels and thermic-control-manometer were always 
used. Differing parallels were discarded. In the experimental container were mixed 
saliva, | ml; phosphate buffer, pH 7-2, 2 ml; 10°, NaOH, 0-2 ml. In the control- 
container distilled water replaced saliva. 


PROCEDURE AND RESULTS 

From the subjects originally examined were selected typical individuals with 
no carious and with active carious teeth, ten in each group. 

We found in the above mentioned college-type school 15 boys with good teeth 
(group la), of these 10 boys showed a very weak Snyder-reaction and these were 
selected for the further tests (group Ib). Similarly, but from the group of 24 boys 
with carious teeth (group Ila), were selected 10 such boys showing a strong positive 
Snyder-—reaction (group IIb). We found in this group Ila, 10 subjects who gave 
repeatedly only a slightly positive Snyder-test; the remaining 4 showed variable 
results to the Snyder test. 

In these two groups (Ib and IIb) the results of the pH, pK, and W-test were very 
similar (Tables la and b). Clinical examination usually suggested that the carious 
lesions in group IIb were arresting as they were. 

We looked now for more genuine carious-cases which we found in the city- 
public school, where out of 23 seemingly active cases (group IIla) we selected the 
ten most Sn-positive cases (group IIIb). 

In Tables la, b,c, we also indicate for the three groups (1b, IIb, II]b) the cor. 
responding W-average-values after 1 hr from three or four determinations carried 
out. usually on consecutive days. The W-values differ greatly due to the actual saliva 


spitting technique of the individual. Therefore it seemed necessary to discard values 


with extremely low or high differences. Extremely low values occur when the sublin- 
gually accumulated saliva is allowed to drop out. Such saliva has a very low bacteria 
content. High values are found when with the suction during spitting a great quan- 
tity of bacteria is dislodged into the sputum from around the teeth. 
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Taste la. Group Ib. SouND TEETH—COLLEGE 


Diff. 


w* Ht Kt 
P P pH—pKk 


Avg 149 
Min. val SI 5-13 
Max. val 345 }.7 6-63 


*Oxygen consumption Warburg (avg.) Ihr values of three de- 


terminations 
tin vil after 30 min (avg.) 


tAfter the pH determination 


Taste Ib. Group Ilb. BAD TEETH—COLLEGI 


: Diff 
pH? pki 
pH—pA 


1-72 
1.55 
1-21 
2.00 
2-05 
2-13 
1-12 
1-60 


1-6 
097 


Ave 7-41 5-81 1-60 
Min. va . 6-60 +55 1-12 
Max. va 248 8-06 685 2-13 


*Oxve msumption Warburg (avg.) Ihr values of three 
terminat« 
tin vitro after 30 min (ave.) 


+After the pG determination 
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The results in Tables la, b, c, show a great similarity in the averages and a great 


diversity in the individual values. We got the impression from these results that 
a further selection of the cases would be advisable. 


TasLe ic. Group Iilb. BAD TEETH—PUBLIC SCHOOL 


Diff. 


Ht 
4 pH—pK 


N— A — KN = 
AnNSUADw 


oo 
~— 


=a se Ve ee we 
~ 
st 


63 


tN 
c 


Avg. 124 7 
Min. val. 82 681 
Max. val. ‘208 7-68 


a 4 
WVU we 


*Oxygen consumption Warburg (avg.) Ihr values of three 
determinations. 
tin vitro after 30 min (avg.) 


tAfter the pH determination 


Therefore we decided to re-investigate cases No. 3, 9, 11, 12, 14 from Table la 
and cases No. 4, 19, 15, 18, 51 from Table Ic. These cases were selected from Table 
la on account of their low oxygen consumption and from Table Ic on account 
of their relatively higher oxygen consumption, and on account of the presence of one 
or more soft, light coloured carious lesions clinically. Table 2 shows the findings 
for the non-carious group and Table 3 those of the carious group. (The averages 
of Table 2 and Table 3 are compared in Table 4). 

In these two groups the averages differ but the cases inside the groups show 
a much more greater similarity to each other than those in Tables la, b, c. In Table 
4 it is seen that the intraoral pH in the caries free group is 0°54 pH higher than 
in the caries group and is near neutrality (pH 6°91). 

The second significant finding is the much greater buffering capacity of the 
cariesiree saliva. 

Oxygen consumption, as seen in Tables la, b, c, shows no definite trends (In 


the discussion we will come back to this point). 
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& 2. SELECTED CARIES-PREE CASES—SALIVA 


cxamination Second examination 


Diff Ditt Diff 


pH pH pH pH pH 
pA K Date 


10 1 OO min 10 


60 min 60 min 
105 625 ‘ 55 0-70 
O85 550 

6-55 
6 30 


0-60 610 
074 614 


060 610 
7-20 7- Bf 105 655 


intraoral! 
vitro OO min 
After breakfast 


3. SELECTED ACTIVE CARIOUS CASES—SALIVA 


cxamination Second examination 
Diff Diff Diff 
9H pH pH pH 


| 
Date DA 
oO ’ io i 60 min 10 


(years) 


Age 


60 min oO mu 


0-60 


100 420 


O80 4-45 


0-80 4-80 


110 315 


O86 406 


060 315 6-15 7-20 7 3-20 


110 4-80 6°55 7-40 110 510 
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TABLE 4. AVERAGES AND DIFFERENCES OF TABLES 2 


Ave. of two Avg. of two 
exam. Caries cxam. Caries 
neg. Cases pos. Cases 


(from Table 2) (from Tabl. 3) 


pH io 6-915 6-375 

pH 60 min 7-705 7-250 
Diff 

pH io.—pH 0-790 0-885 

60 min 

pA 6-075 3-990 
Difl 

PH io pA 0-840 2-375 


Taste 5. SALIVA POTENTIALS 
College-boys College-boys 
Caries-free* Carious teeth? 
325 305 360 
410 
360 380 
400 
325 370 
415 
315 320 
325 
410 460 
510 
250 265 
280 
260 
290 
345 
420 
445 
455 
295 
370 


[J Selected active carious cases as in Table 3. 


() Selected caries-free cases as in Table 2. 
* As in Table la. 
* As in Table Ib. 
+ As in Table Ic. 


AND 3 


Diff Caries 


Caries pos 


cases 


0-540 
0-455 


0-095 


2-085 


1-535 


Public-school 
bovs 


Carious teeth? 


230 265 
300 
160 
300 
250 
260 
310 
340 
270 
350 
310 
350 
350 
400 
250 
320 
380 
420 
350 
400 
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The redox potential! of the saliva is also a problem investigated by many authors 
(6, 9, 10, 19, 21, 41). We have, as already mentioned tried to determine the saliva- 
potential with the platinum-electrode against calomel-electrode. We have great 
doubts if this is at all possible because there is no constant value obtainable—certainly 
not until after a longer time (30 min or more). The values in Table 5 are typical 
findings from many estimations using different electrodes and are 2 min averages. 


TABLE 6. CHANGE OF SALIVA-POTENTIAI 


Time First meas- Second meas- Third meas- 


(min) urement urement* urement 


Immersion 540 560 555 
350 385 490 
295 325 340 
265 295 300 
250 270 285 


* Cleaning was carried out between first and second, and third 


measurements 


There is seemingly no difference between the three groups. It is probable that on 
the surface of the platinum-electrode a process which leads to the diminishing potentials 
begins immediately after its immersion. If we assess the same saliva-specimen 
repeatedly with the same cleaned platinum-electrode, each time we obtain the same 
initial-potential which diminishes rapidly as in the given example (Table 6). 


DISCUSSION 

This investigation sometimes supports and sometimes refutes methods which 
have been used for comparing the properties of saliva in caries-free and caries-active 
mouths. 

Of great importance in our opinion is the selection of subjects. This seems to 
be the surest method clinically. In other words, where there are many progressive 
carious lesions different results are to be expected as shown in Tables 2 and 3. We 
used three methods of selection: the first clinically (DMF-numbers and X-ray), 
then with the Snyder-test, and the third between caries-free cases with the low 


oxygen consumption and/or cases with strong positive Snyder-test, high oxygen 


consumption and last, but not least the presence of clinically active carious lesions. 
Had we not followed this way the outstanding values would have been swallowed 
up by the averages as can be seen in Tables la, b, c. 

This leads to the question of the methods used. The pH of the saliva changes 
extraorally, but not always in the same way (Table 7). 
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The difference between the intraoral and the 30 min readings varies between 
0-55 and 0-90 pH. This value is therefore doubtful. The intraoral pH on the other 
hand in consecutive determinations is very closely the same. 

For determination the buffer-capacity the Ericsson method (11) seems to be 
good and can be trusted. 

The Warburg-method for the oxygen consumption (W) is theoretically and practi- 


cally very good if, and this is a big if, you put uniform material in the bottles. Some 
samples when the sputum could not be fully homogenized, showed parallels with 
different results. By the saliva-W arises another, and this is the greater, difficulty 


TABLE 7. CHANGE OF THE PH OF THE SALIVA 
No. 


Time 


io. 

10 min 
30 min 
60 min 


Note: 

3,9, 11,4 are selected caries-free cases (see Table 2) 

44, 51, 58 are selected carious cases (see Table 3). io : intraoral 
determination. 

10, 30 and 60 min after collecting the saliva; determined in vitro 
at room temperature. 


that you can har dly get the same material from the mouth. The simpler technique 
cannot be trusted and there are no others. The W-value depends on the type and 
number of the micro-organism in the sample. ToTH (36) showed this very clearly 
and in this study we have also seen that a sample got with suction or after centri- 
fugation gives a very low W-value. The saliva sample-getting method should be 
improved, before these results can be regarded seriously. This easily explains why 
sO many contradictory results have been reported (1, 3, 4, 7, 13, 29, 35). We do 
not say that the W-method cannot be employed; it is valuable only when results 
are examined critically. We could use it only on selected cases, in which we obtained 
repeatedly the same results with no more than + 50 per cent difference. The lower 
values are suggestive of few bacteria in the sample and vice versa. 

The determination of the redox-potential is, as mentioned above, the most difficult 
problem. This should be both theoretically and practically further investigated. 
We were unable to find correlation between caries-active and caries-free saliva and 
the resulting values. Notwithstanding, the problem is interesting and should be fur- 
ther investigated. We have already some findings which are going to be published 
elsewhere in the near future. 


17 
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RESULTS 

The results, viz. the test-methods we have used, are in our opinion to be divided 
into two groups: 

Methods which give some orientation and methods which give some assurance. 
Assurance that the carious process seems to be not only a localized lesion but works 
through the metabolism and so through the function of the salivary glands. 

In the first group is included the Snyder-test and the oxygen-consumption. 
The former shows the intensity of the acid production by the oral microorganism, 
if the sample is taken in the right way; the latter one, number and oxygen-need 
of the oral microbes, again, if the sample is taken in the right way. By correct col- 
lecting —we can not say how correct collecting should be made —high values 
seem to indicate caries-susceptibility. But we are not sure if this is true. 

In the second group there are the methods for the determination of the saliva-pH 
and buffer-capacity of the saliva. These two methods gave, in our study by right 
selection, results of great significance (Tables 2, 3 and 4). pH-determinations 
should be made in our opinion with a glass-electrode intraorally and eventu- 
ally in vitro with different reading times. Values lower than pH 6-7 seem to be accom- 


panied with caries. In our caries-free cases (Table 2) the average pH, 6°91, was shown 


very strongly. This can be said also respectively for the caries-active cases with their 
average of pH 6-38. If the cases are not cautiously selected then transitional values 
are obtained that may easily lead to false conclusions and wipe out the essential 
facts. 

We should not forget that in the earlier literature the essential facts were clearly 
seen by Pickeritt (20a) and KARSHAN (15a). 
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FLUORIDATED CHEWING GUM AND TOOTHPASTE 
STUDIES WITH “F 


R. DUCKWORTH and R. D. EMSLIt 


Departments of Dental Medicine and Preventive Dentistry, Guy’s Hospital, London S.E.1, England 


INTRODUCTION 


Topica applications of fluoride solutions to the teeth have been shown to be of 


value in caries control. The procedure, however, is time consuming and impractic- 
able for large numbers of children. The addition of stannous fluoride to toothpaste 
appears to reduce caries activity (PEFFLEY and MUHLER, 1960), especially when 


brushing is supervised. Tooth brushing in children is often inadeaquate; there- 
fore a method of fluoride application which could and would be used by children 
themselves might be more effective. 

Chewing gum as a vehicle for the administration of fluoride has been described 
by Emsiie, VeALL and Duckwortu (1961). A summary of this work is presented 
here, together with data on the uptake by teeth of fluoride from fluoridated tooth- 
paste. 

MATERIALS AND METHODS 
It seemed desirable that the chewing gum used should have a low calcium content 
and be free of known cariogenic agents. The formula of the chewing gum is: 
Per cent 
Special chewing gum base 28 
Staybelite Ester N/10 18 
Sorbitol 24 
Potato starch 28 
Saccharine 0-3 
Vanilla 0-15 
Ol. menth. pip. I 
Ol. menth. virid. 0-55 
100 


The special base is a synthetic, sugar free, low calcium material and staybelite ester 
is a resin used in many proprietary chewing gums. Sorbitol, which has been shown 
by KLAPPER and VOLKER (1954) to have little or no cariogenic activity, and saccharine 
were the sweetening agents. Potato starch was used as the filler instead of a calcium 
containing compound. Conventional flavouring agents were employed. Sodium 


(260) 
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or stannous fluoride (0-1 mg F/g of gum) was added. The final calcium content of 
this mixture was 3 mg/g. 

In view of the reported enhanced effect of acidulated fluoride solutions compared 
with aqueous solutions, this formula was modified, to test the effect of lowered 
pH, by adding citric and phosphoric acids. The influence of calcium content was 
tested by adding calcium carbonate and by replacing the filler by dicalcium hy- 
drogen phosphate: 

The experimental toothpaste contained | mg of F/g of paste: ten times the con- 
centration of F in the chewing gum. 

Both chewing gum and toothpaste were labelled with '*F immediately before 
use. Gum and paste contained 1-2 yc per gram at the time of use. A well-type scin- 
tillation counter was used for radioactivity measurements. 

In chewing experiments the initial radioactivity of a piece of gum was counted. 
The gum was then chewed for | min, the activity redetermined and expressed as a 
percentage of the original activity. This was repeated for a total chewing time of 
atleast 10 min. 

Uptake of fluoride was studied in children or young adults from whom sound 
teeth were to be extracted for orthodontic reasons. A weighed piece of '*F labelled 
fluoridated chewing gum (approximately | g)) was chewed for 10 min immediately 
before extraction of the teeth. In the toothpaste studies the tooth to be extracted 
and the adjacent teeth were brushed for | min with a known weight (0-5-1 g) of 1*F 
labelled toothpaste. Before counting, extracted teeth were scrubbed with soap and 
water for 5 min to remove surface organic material which had absorbed '*F. 

To allow calculation of fluoride uptake by the teeth, standards were prepared 
by counting the activity of accurately weighed samples of gum or toothpaste. 


RESULTS 


Release of {luoride from chewing gum 

Fig. | shows the pattern of release of '*F labelled chewing gum containing 
either sodium fluoride or stannous fluoride. In each case the curve can be defined 
by the sum of two exponentials. Chewing the gum for 10 min released 80-90 per cent 


of the '*F. This release was rather more rapid from gum containing stannous flu- 


oride. 

The addition of 2°, citric acid to the standard formula caused up to 80 per cent 
of the fluoride to be retained in the gum after 10 min chewing (Fig. 2). Phosphoric 
and citric acids (0-5°,,) had little effect. 

The release of fluoride was not materially altered when 5%, calcium carbonate 
was added to the gum. Substitution of the potato starch filler by dicalcium hydrogen 
phosphate reduced the release of '*F by a half (Fig. 2). 
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Uptake of ‘*F by teeth from chewing gum. 


This was calculated in terms of the uptake per 0-1 mg F in the gum, that is to 
say, the observed uptake is corrected for 100 per cent extraction of fluoride. From 
the sodium fluoride gum there was an uptake of '*F corresponding to 9-60 mug F. 
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Fic. 1. Release of **F from chewing gum containing cither sodium fluoride or 

stannous fluoride. The straight lines represent the two exponentials which define 

the curve of isotope release from the stannous fluoride gum. T4 indicates the half 
period of each exponential. 
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When 2°, citric acid was added to sodium fluoride gum the uptake was increased 
to 75-172 mug. The uptake of fluoride by sound premolars, from stannous fluoride 


a @esen@as aap ante Ouseee 


2%Ccitric acid 


28% CazHPO, 
¢0°25% H,PO, 


Percentage of ‘°F retained in gum 








Chewing time, min 
Fic. 2. The effect of various additions upon the rate of release of '*F from 
chewing gum. 
gum, is shown in Table 1. In general '*F counting revealed radioactivity in a pre- 
molar tooth, corresponding to an uptake of the order of 20 mug F from 10 min 
chewing of gum containing 100 myg F. 


TABLE |. UPTAKE OF LABELLED FLUORIDE BY PREMOLAR TEETH, AFTER 
CHEWING STANNOUS FLUORIDE CONTAINING GUM FOR 10 MIN 


' Uptake per 
Name Age Footh 100 pet 


(years) available 
(mpg) 
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Uptake of **F by teeth from toothpaste 


The amount of available fluoride in the toothpaste at the time of use was not 
known. Therefore the uptake by the teeth has been calculated on the assumption 
that all the fluoride was available. This assumption serves to give an indication of 
the order of magnitude of the uptake. The twelve sound premolar teeth studied 
took up '*F activity corresponding to a fluoride uptake of about 100-200 mug from 


| g of toothpaste, containing | mg F as the stannous salt (Table 2). 


Taste 2. UPTAKE OF LABELLED FLUORIDE BY PREMOLAR TEETH, AFTER 


BRUSHING WITH STANNOUS FLUORIDE TOOTHPASTE FOR I MIN 


Uptake per 
A mg I 
(my/g) 


Age Tooth 
(years) available 


12 96 
96 

106 

99 

321 

168 


152 


120 


DISCUSSION 

The results show that fluoride is rapidly released from gum on chewing. If gum 
is to be used for the topical application of fluoride a chewing time of 10 min should 
be sufficient. 

The reduced release of fluoride when the potato starch filler was replaced by 
dicalcium hydrogen phosphate demonstrated the need to keep the calcium content 
of the gum to a minimum. 

The high uptake of fluoride by the teeth, in spite of low release, from the gum 
containing 2°, citric acid was at first thought to be advantageous. It was hoped to 
include citric acid in the gum to which increased amounts of fluoride could 
then be added without increasing systemic absorption. However, gum containing 
2% citric acid was obviously sour in taste and its effect on salivary pH was marked. 
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After chewing for 1 min the pH of expectorated saliva fell to between 5-5 and 6. 
It seemed probable that this gum could produce sufficient acidity at the tooth 
surface to cause enamel demineralization. For this reason experiments with gum 
containing these amount of acid were discontinued. Increased uptake of fluoride 
could not be demonstrated when the gum was acidulated with 0-5°% citric or phos- 
phoric acids. 

It is difficult to make a comparison of the uptake of fluoride from chewing gum 
and toothpaste because the amount of available fluoride at the time of testing is not 
known. With stannous fluoride this may introduce a significant error. The demon- 
strated uptake of fluoride from stannous fluoride toothpaste may have to be reduced 
five-fold according to the age of the paste. Fluoride in the chewing gum, especially 
as sodium fluoride, is probably more stable. If ageing is ignored, chewing the gum for 
10 min, or brushing teeth for | min, with a paste containing ten times as much fluo- 
ride, causes an uptake of fluoride in premolar teeth which is approximately propor- 
tional to the initial fluoride content of the gum or paste. 

Any value the demonstrated uptake of fluoride may have in caries prevention 
will depend upon its method of entry into the enamel. FREMLIN, HARDWICK and 
MATHIESON (1959) in in vitro experiments have shown that there is a large amount 
of iso-ionic exchange between '*F and stable enamel fluoride. Hetero-ionic exchange 
with, for example, hydroxyl ions of the apatite molecule, also occurs, but on a smaller 
scale. Some of our teeth, which had taken up '*F from chewing gum, were shaken 
with a 0-1° sodium fluoride solution for 10 min, but there was very little loss of 
activity. This suggests that little iso-ionic exchange between fluoride of chewing 


gum and enamel can have occurred. The increase in enamel fluoride content with 
age, in fluoride areas, demonstrated by JACKSON and WEIDMANN (1959); coupled 
with the report of Isaac et al. (1958), which showed that the increase in fluoride is 
most marked in the outer layer of the enamel, suggests, that in vivo, hetero-ionic 
exchange can make a marked contribution to enamel fluoride content. It would 
appear that the use of fluoridated chewing gum and toothpaste could also help to 


to raise the fluoride content of surface enamel. 
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DISSOLUTION OF DENTAL ENAMEL IN 
DECALCIFYING BUFFERS CONTAINING 
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Experimental Caries Research Laboratory, Dental Institute, University of Ziirich, 
Switzerland 


Abstract—Crowns of intact premolars and molars were exposed for 3 hr to 10 ml 
of acid buffer, pH 4, containing differing amounts of calcium and phosphate at the 
beginning of the experiments. Acetic and phthalic acid buffers were used at 0-025 
and 0-075 molar concentrations. Calcium and phosphate ions were added by dissolu- 
tion of CaCl, or Na,HPOQ,,. 

The presence of calcium and phosphate alone was of little effect on the dissolution 
rate. A more clearly diminished dissolution rate was found when both calcium and 
phosphate were present in the buffers. The relative protection against dissolution 
by the presence of calcium and phosphate became considerably smaller when the 
molarity of the buffers was raised from 0-025 to 0-075. The presence of calcium or 
phosphorus in the acid buffers did not change the calcium/phosphorus ratio of the 
dissolved enamel substance 

Addition of NaCl or MgSO, to acetic acid buffer already containing calcium 
and phosphate resulted in an increase of the enamel dissolution rate. 


The results are compared with certain findings in experimental caries studies 


Zusammenfassung—Intakte Kronen von menschlichen Pramolaren und Molaren 
wurden wahrend 3 Stunden in 10 ml saure Pufferlésungen mit einem pH von 4 ver- 
bracht, die zu Beginn der Versuche verschiedene Mengen von Kalzium und Phosphat 
enthielten. Essigsdure-und Phthalatpuffer wurden bei 0,025 und 0,075 molarer Konzen- 
tration verwendet. Kalzium- und Phosphationen wurden durch Auflésung von 
CaCl, oder Na,HPO, in die Pufferlésungen gebracht 

Die Gegenwart von Kalzium oder Phosphat allein war von nur geringer Wirkung 
auf die Auflésung des Schmelzes. Eine deutlicher verminderte Auflésungsrate Zeigte 
sich, wenn Kalzium und Phosphat zugleich in der Lésung vorhanden waren. Der 
relative Schutz gegen Auflésung von Schmelz durch die Gegenwart von Kalzium 
und Phosphat sank bedeutend, wenn die Molaritét der Puffer von 0,025 auf 0,075 
erhéht wurde. Die Gegenwart von Kalzium oder Phosphat in der Lésung wirkte 
sich auf den Kalzium/Phosphorquotient der in Lésung gegangenen Schmelzsubstanz 
nicht aus. 

Zugabe von NaCl! oder MgSO, zu Essigséurepuffer, der schon Kalzium und 
Phosphat enthielt, bewirkte eine Erhéhung der Schmelzauflésungsrate. 

Die Resultate werden mit gewissen Befunden aus der tierexperimentellen Karies- 


forschung vergliche: 
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INTRODUCTION 

A pISCUSSION of the equilibrium between calcium and phosphate in decalcifying 
solutions and enamel dissolution has been presented by HARDwicK (1949; 1950). 
He concluded that the presence of calcium, phosphate, carbonate or other ions 
will modify or inhibit enamel! dissolution. In studying the production of caries-like 
changes by chemical means, Besic (1953) found that acid solutions saturated with 
calcium and phosphate appeared to produce no effect on enamel in vitro. A quanti- 
tative study of enamel dissolution in the presence of calcium and phosphate ions 
is given by STRALFORS (1959). He found that the presence of calcium, phosphate 
or both in lactic acid buffer reduced the weight loss of enamel pieces. 

The present experiments were set up to investigate the interaction between 
calcium and phosphate in solution, as well as the interaction between calcium and 
phosphate and the buffer concentration. 


MATERIAL AND METHODS 
Extracted molars and caries-free premolars, stored in physiological saline at 
0-2°C not longer than 3 weeks were used. The root surfaces were covered with sticky 
soft wax after cleaning the teeth. In the molars, the occlusal fissures were covered 
with sticky wax to obtain some standardization of the enamel surface size since 


part of the occlusal fissures were filled. The remaining surfaces were also intact 


in the molar crowns. 

Blocks of similar teeth—molars, premolars—were put together in equal numbers 
as given by the number of treatments in the plans of the experiments. Each tooth of 
a block was assigned at random to one of the treatments. The experiments were 
carried out separately for each acid buffer. The teeth were decalcified for 3 hr 
in 10 ml of buffer solution at pH 4-0 in a horizontal shaker at 37°C, 

It was found that with the wax coating procedure used, calcium and phosphorus 
removal was hardly less in premolars than in molars. The statistical analysis was 
therefore simplified and carried out irrespective of the blocks. The blocks were, how- 
ever, always put together for the randomization procedure as a safeguard against 
possible influences of the tooth size. 


Preparation of solutions 

The preparation of the solutions was started with concentrated buffers or acids 
of a higher acidity than chosen for the experiment. To these buffer solutions, the 
solutions containing the salts under investigation were added. Calcium was present 
as CaCl,, phosphate as Na,HPQ,. It was found that by the addition of the salts, 
the pH was raised by up to 0-3 units. The pH was then adjusted with NaOH to 4-0. 
The concentration chosen was obtained by addition of distilled water. 
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The rise in pH may have several causes. When a great number of ions are present 
in the acid buffer, the mobility, or, as it is more usually called, the activity of the 
ions is decreased, and the dissociation of the acid will also be lowered to some extent. 
The dissolved salt may also exert a buffering action of its own. It may be mentioned 
in this connexion that the electrometric measurement of the pH gives the activity 
of the hydrogen ions, and not their true concentration, which is somewhat higher. 
Hence the pH change will mirror the combined effect of all the interferences stated 
above on the activity of the hydrogen. 

As a result of the buffering capacity of the phosphate, the greatest increase 
of the pH, 0-2 to 0-3, was observed after the addition of Na,HPO,, while smaller 
changes were observed after the addition of the other salts. 

The phosphate going into solution during the experiment also caused some rise 
of the pH. In the buffers of 0-025 molarity, the maximal rise observed was 0-4 units. 
In the more concentrated buffer systems, the rise did not exceed 0-2 units. 

The solutions containing both calcium and phosphate were prepared by adding 
solutions of CaCl, and Na,HPO, to the buffer. It was not possible to dissolve directly 
an equivalent amount of Ca,(PO,), in the acids. The effect of the simultaneous 
presence of sodium and chloride ions in the solution will also be investigated. 

After the preparation of the solutions, they were analysed for calcium and phos- 
phorus. Satisfactory agreement between the calculated amount of calcium and 
phosphorus and the results of the analyses was found. 


Analyses 

Analyses of phosphorus were carried out according to the method of Fisk 
and SupBparow (1925) modified by LOHMANN and JeNnpRassik (1926). Calcium 
determinations were made after the complexometric method of SCHWARZENBACH 
(1960). The determination of phosphorus has the advantage of being based on a 
measurable absorption, while for calcium an endpoint of a colour reaction has 


to be determined by eye. 


Influence of ions other than calcium and phosphate 

As calcium and phosphate were introduced into the decalcifying buffers by 
addition of solutions of CaCl, and Na,HPO,, it was necessary to investigate the 
influence of the sodium and chloride ions on the dissolution. This was done by 
further addition of sodium chloride to the buffer solutions already containing 
CaCl, and Na,HPO,. 


Moreover, the mere addition of any ions may bring about different conditions 


in the decalcifying buffer. In order to investigate this factor, magnesium was added 


as such a supplementary ion because of its similarity to calcium. It was dissolved 
into the buffer as magnesium sulphate. 
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The concentrations used and the results are assembled in Table I. Only the 
phosphorus dissolved from dental enamel was determined. 


TABLE 1. PHOSPHORUS REMOVAL FROM INTACT DENTAL ENAMEL AFTER ADDITION OF SODIUM CHLORIDE 
AND MAGNESIUM SULPHATE TO DECALCIFYING BUFFER SOLUTION; ACETIC ACID BUFFER 0-025 M, 
pH 4, 3 hr at 37 C 


dded id buff vil Amount of phosphorus 
ons added to acid buffer (m equiv —aeee of 

_ q ) Increase of phospho-| removed from teeth (ug) 
rus concentration* f 


Mg SO, Mean S.E. 


10-0 10-0 6-6 
10-0 10-0 13-0 
10-0 10-0 19-4 
10-0 10-0 25-8 


0 0 0 
10-0 


* Sodium introduced as NaOH for adjustment of the pH not listed. 
+ Mean of six teeth, each in 10 ml buffer solution. 


It may be seen that the enamel solution rate is decreased in the presence of calcium 
and phosphate ions. This decrease is partially diminished in the presence of supple- 
mentary sodium and chloride or magnesium and sulphate ions. The mere addition 
of magnesium sulphate to the buffer did not result in a significant increase of the 
enamel dissolution rate. 

It may be concluded from the figures in Table | that only the presence of calcium 


or phosphate in the solution is responsible for the decrease in enamel solution 
rate. The dissolving power of the buffer solution is unchanged or slightly increased 


by the presence of the other ions at the concentration used. 


Experiments with calcium and phosphate at two different concentration levels in 


solution 


The two concentrations of calcium and phosphate in the acid buffers at the 
beginning of the experiments were zero and 10 m equiv/l. The acid buffers were 
used at two different concentration levels, 0-25 and 0-075 M. As both concentration 
levels of the acid buffer were tested in one experiment, the total number of treatments 
in the factorial arrangement was thus 222 = 8. The experiments were carried 
out separately with acetic, phthalic and lactic acid buffers. Four blocks of eight 
teeth were used in each experiment, the number of teeth per treatment being four. 





270 T. M. MarTrHALer, ANGELA SCHAIT AND H.R. MOQHLEMANN 


The results from the experiments with acetate and phthalate buffers are pre- 
sented in Fig. 1. For reasons not yet known, no consistent results were obtained 
with lactate buffer. The results from the experiments with this buffer are not pre- 


Acetate Phthalote 





ncentrotion 
concentrotion 


Sicium or phosphorur 


Fic. 1. Increase calcium and phosphorus concentration in acetate and phtalate 
buffers (molarities 0025 and 0075) pH 4, from dissolution of intact dental enamel 
, } 


for 3 hr at 37 C. One tooth immersed in 10 ml buffer solution. Each mean is based 


on the results of four teeth 


sented. Analyses of variance of the results with acetate and phthalate buffer are 


given in Table 2. After elimination of the treatment effects, the remaining variance 
within treatments was taken as experimental error. 

In the case of the acetate buffer, the main effects of initially added calcium and 
phosphate and their interaction are significant. Less calcium and phosphate was 
dissolved from the enamel when the decalcifying buffer contained 10 m equiv/1 
calcium or phosphate initially than the initial calcium and phosphate concentration 
was zero, The interraction has the same sign as the main effects, that means that 
the effect of calcium in the absence of phosphate is less than the effect of calcium 


in the presence of phosphate. The same is true for phosphate in the absence or 
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TABLE 2. ANALYSIS OF VARIANCE OF CALCIUM AND PHOSPHORUS REMOVED FROM INTRACT DENTAL 


ENAMEL (IN TENTHS OF A MILLIGRAM) IN ACETATE AND PHTALATE BUFFERS CONTAINING DIFFERENT 
CALCIUM AND PHOSPHATE CONCENTRATIONS AT THE BEGINNING OF THE EXPERIMENTS. THE RESULTS ARE 
GRAPHED IN FIG. | 


Mean squares 


; : — Degrees 
Source of variation . Acetate buffer Phthalate buffer 


of freedom : 2 
Calcium | Phosphorus | Calcium | Phosphorus 


Calcium in buffer solution 174-84 32-66 140-70 32.20 
Phosphate in buffer solution 76-26 20-79 150-94 30-34 
Interaction Ca * P 49-00 13-61 34-24 0-82 


Concentration of acid 584-51 59-00 631-01 94.33 


Concentration caclcium 14-04 1-37 7-13 0-81 
Concentration phosphate 1-90 0-46 10-47 0-48 
Concentration Ca P 3-12 1-62 4-73 0-11 


Error, within treatments 24 3-45 0-962 1-88 0-217 


Mean square with probability of P — 0-05 
(s*F,.¢;; D.E 1 and 24) 4-10 8-01 


presence of calcium. The interaction with buffer concentrations are not significant. 
The lower amount of calcium and phosphate removed in buffers with calcium and 
phosphate present initially is thus equal at both concentrations. 

Different conditions are met with in the phthalate buffer. The effects of calcium 
and phosphate initially present in the buffer appear to be independent of each other 
when the phosphorus removal is considered. In the analysis of variance of the calcium 
removal, a significant interaction between calcium and phosphate, and buffer 
concentration is found. These interactions are, however, unimportant when com- 
pared with the main effects of calcium and phosphate. 

It may be concluded that the dissolution of enamel is somewhat slower when 
calcium or phosphate is present in the solution. When both calcium and phosphate 
are present, the protective effect is at least as great as the sum of the single effects 
or may be significantly greater than the sum of the single effects as in the case of 
the acetic acid buffer. The effects of calcium and phosphate being constant over 
the buffer concentrations, the relative effects of calcium and phosphate become 


unimportant when the buffer concentration rises. 


Calcium) phosphorus ratio 

When enamel is dissolved, both cationic and anionic mineral constituents must 
go into solution. These ions are mainly calcium and phosphate, other ions being 
present in only small quantities in the enamel. Therefore spectacular changes in the 
calcium/phosphorus ratio of the material dissolved from the enamel are not to be 


expected. Some authors have described a preferential dissolution of carbonate from 
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the enamel under certain conditions. A preferential dissolution of carbonate would 
be favoured when phosphate is already present in the solution. As a consequence, 


the calcium/phosphorus ratio would increase. 


Fic. 2. Ratios of the weight of calcium and phosphorus dissolved from intact dental 
enamel (experime with calcium and phosphate at two levels). The broken line 
represents the theoretical ratio for apatite. 


weight of calcium and phosphorus dissolved from the crowns 


The quotients of the 


are shown in Fig. 2. The broken line represents the theoretical quotient for apatite. 


Very regular values are found in the acetic acid buffer. No evidence of a change 


of the calcium/phosphorus ratio is found in these results. A less regular pattern 


is found in the case of the phthalic acid. But also in this series, the ratio does not 
appear to be influenced by the excess of calcium or phosphate in the buffer solutions. 


Experiments with ca wm and phosphate at three levels 
The experiments were carried out with acetic and phthalic buffers. The levels 


of calcium and phosphate « osen were zero, 5:5 and 9-7 m equiv/l. The treat- 


ment number with two factors at three levels is 3° 9. Owing to the great 


concentrations 


\\ cid buffers, pH 4-0 


Acetote, 0 026m 


Acetate, 0-040m 


Phthalate, 0: 025m 





»hosphorus concentration in acetate and phthalate buffer, pH 4, 
tact dental enamel for 3 hr at 37 C. One tooth immersed in 


Fic. 3. Increase is 
from dissolution of 
10 ml buffer solution. Each mean is based on the results of six teeth. 
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number of treatments, only one buffer concentration could be included in one 
experiment. Six blocks of nine teeth each were used for each experiment. Only 
phosphorus determinations were carried out. 

The results are presented in Fig. 3. In the case of acetic acid buffer, the 
single effects of calcium and phosphate alone are hardly detectable while the 
presence of both calcium and phosphate caused a marked decrease of the phosphorus 
removal. In the phthalic acid buffer, calcium and phosphate were equally effective 
alone or in presence of the other ions. These findings are in agreement with the 
findings presented in the preceding section. 


DISCUSSION 

It was suggested by STRALFORS (1959) to add calcium and phosphate to fermen- 
table carbohydrates. Incorporated into the plaque, calcium and phosphate would 
go into solution when the pH falls, and the local increase of calcium and phosphate 
is expected to bring about a chemically induced inhibitory action on caries activity. 
Considering the present experiment, it might be assumed that the addition of calcium 
or phosphate alone in equivalent amounts should result in a limited but more or 
less equal inhibitory effect on caries. A considerably stronger effect would be ex- 
pected after addition of both calcium and phosphate at the chosen level. 

Concluding from the experiments with sodium and chloride ions in solution, 
a diminished anticariogenic effect of the calcium phosphate is to be expected in the 
presence of sodium and chloride ions. MCCLURE (1958) and MCCLURE and MULLER 
(1959a, b) presented findings contradictory to this hypothesis. Dibasic calcium 
phosphate was found to be cariostatic in rats only when the diet was supplemented 
with sodium chloride. These experiments show that the conditions in the plaque 
are very different from our experimental conditions. In the plaque, the pH is not 


stable. By their buffering capacity phosphates may already prevent a fall of the 
pH to a certain extent (KONIG, MARTHALER and MUHLEMANN, 1961). An inter- 


ference of some phosphates with the bacterial metabolism is suggested by the exper- 
iments of LILIENTHAL (1956) as well as KONIG ef al. (1961) who also investigated 
chemical modifications of the superficial enamel layers. The relative importance 
of all these mechanisms is not known. Further information will be obtained when 
factorial experiments of the same design as presented in these chemical studies 


are carried out. 
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Abstract—The concentrations on the basis of dry weight of Ca, P, Cl, Na, Sr, Zn, 
Br, Mn, W, Cu and Au in normal human enamel have been determined. Quantitative 
data of the concentrations +. standard deviation have been tabulated. The values 
have been obtained from fifteen intact first bicuspids from 14- to 16-year-old boys 
and girls. 

The concentrations have been studied by means of neutron irradiation of 
the enamel samples for about 20 hr in a neutron flux of 2 10'? neutrons/cm?/sec. 
After chemical group separation of the activated enamel gamma-ray spectrometric 
analysis followed 
Zusammenfassung—Es wurde die Konzentration von Ca, P, Cl, Na, Sr, Zn, Br, 
Mn, W, Cu und Au in normalen Schmelz bestimmt. Die quantitativen 
Werte und ihre Standardabweichungen an 15 gesunden Zahnen von 14-16 J. alten 
Madchen und Knaben wurden festgestellt. 

Die Konzentrationen wurden mit Hilfe der Neutronenbestrahlung der Zahn- 
schmelzproben, die mit bekannten Substanzen verglichen wurden, untersucht. Der 
NeutronenfluB wurde 2 10'* Neutronen pro cm?/sec gehalten. 


Es wurde eine Methode zur Gruppentrennung aller entstandenen radioaktiven 
Elemente ausgearbeitet, die der Gammastrahlenanalyse vorgeschaltet wird. Das Tren- 
nungssystem beruht auf dem Ionenaustauschprinzip und erlaubt eine sehr schnelle 
Analyse. Zur Messung der Radioaktivitét wurde ein 256-Kanal Gammastrahlen- 


spektrometer benutzt 


INTRODUCTION 


THE HIGH proportion of mineral constituents of teeth can be divided into two 
categories depending on their concentration, namely the macroelements and the 
trace elements. The macroelements in hard tissues of teeth, i.e. calcium and phospho- 
rus, have been studied for a number of years and their concentrations have been 
well established. The second group, on the other hand, the trace elements, most 
of which occur in a few p.p.m. or less, have so far not been extensively studied. 
This invalidity of quantitative data regarding trace elements may probably be 
explained by the lack of reliable analytical methods. 
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Quantitative determinations on caries-free human enamel of calcium, phos- 
phorus, and magnesium have been reported e.g. by BURNETT and ZeNewiTz (1958a, 
b). BRUDEVOLD and STEADMAN (1956a, b) determined the concentrations of lead, 
copper and tin in human enamel. STEADMAN ef a/. (1959) gave quantitative data 
for some trace elements in ancient Indian teeth. Nixon and Smitu (1960) used 
activation analysis in estimation of arsenic in human teeth. Jenkins (1960) has 
given an excellent review of the trace elements in enamel and dentine. 

In view of the importance of various elements in the formation and preservation 
of teeth, an analytical study based on neutron activation and gamma-ray spectro- 
metric analysis of the inorganic composition of human teeth has been initiated 
and is in progress. 

The choice of a particular technique for the analysis of trace elements depends 
not only on its sensitivity as well as its reproducibility but also on its range and 
convenience. 


By means of radioactivation analysis many elements in minute concentrations 


can be detected and determined with greater sensitivity and precision than by other 
analytical methods (Kocu, 1960). Neutron activation analysis is both sensitive 


and reproducible. The limitation of activation analysis depends, among other 
factors, to a high degree on the neutron flux used for bombardment of the samples. 
In the present investigation a thermal neutron flux of about 2 10'* neutrons 
cm*/ sec in the atomic reactor RI of the Swedish Atomic EnergyCommiss ion 


+ 


has been used. During the last 3 months a flux of about 10°* neutrons jcm*/ sec. 
has been available for our studies, and the results from the experiments using this 
more satisfactory neutron flux will be published later. Even with the lower flux 
used in the present study a sensitivity will be reached which is greater than for 
any other known analytical method concerning a variety of elements. 

Activation analysis of biological materials causes some difficulties in the chemical 
separation procedures following the neutron bombardment of the sample. These 
difficulties are most pronounced for hard tissues such as enamel and dentine because 
of the high concentration of calcium and phosphorus. A method for group separation 
of chemical elements as a pretreatment for gamma-ray spectrometric analysis has 
been proposed by SAMSAHL (1961). Gamma-ray spectrometric analysis is_ the 
most common way of measuring the activity from elements made radioactive by 
neutron bombardment (CROUTHAMEL, 1960). A 256-channel gamma spectrometer 
has been used in the present investigation. 

In order to obtain quantitative data on the elements identified, the sample is 
irradiated together with a known quantity of the element to be determined, and 
a direct comparisons is then made. These methods are described and discussed 
also in our paper concerning dental calculus (S6REMARK and SAMSAHL, 
1961a). 
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EXPERIMENTAL PROCEDURE 

Fifteen intact first bicuspids from humans between 14 and 16 years old were 
used in the present investigation. Seven girls and eight boys were selected on character- 
istics of good general health. They engaged in normal duties and enjoyed a nor- 
mally varied diet. All the children were born and lived in the city of Stockholm. The 
teeth were extracted for orthodontic reasons and were prepared for activation 
within 48 hr after extraction. The subjects had no other restorations than amalgam 
and silicate. However, the teeth to be analysed had no restorations and no fillings 
were present in the neighbouring teeth. 

Nearly all of the enamel was separated from the dentine mechanically by chipping 
and breaking the teeth with glass or polyethylene covered instruments. The samples 
were collected in polyethylene bags and sealed. The enamel samples were not in 
contact with materials other than polyethylene. The samples were dried in an electric 
oven for 48 hr at 105°C. Standard amounts of the elements to be studied were in- 
serted into polyethylene tubes and sealed and then placed in the same standard 
aluminium can as the sample. The standards were consequently irradiated simultane- 


ously with the sample. The aluminium can containing the standards and the un- 


known sample was then sent to the neutron pile RI in Stockholm for irradiation 
with thermal neutrons for about 20 hr. The flux was about 2 « 10'? neutrons /cm? 
sec. 

When the period of irradiation was completed, the samples were dissolved 
in IN HCI containing 0-3°,, H,O,. The solution thus obtained was then subjected 
to chemical group separation. The various irradiated standards were collected in 
a bottle and also a small piece of carrier enamel was dissolved and added. This stan- 
dard solution was treated in exactly the same way in the group separation system 
as the unknown samples. The following scheme was used for the identification and 
determination of different elements in the eight groups of the separation series: 
Group |. NaOH absorption: Cl, Br, I. 

Group 2. Dowex 2-chloride: Mo, Tc, Ru, Rh, Ag, Cd, W, Re, Os, Ir, Au, Hg. 

Group 3. Dowex 50-hydrogen: Fe, 55-65°,, Cu, Zn, Ga, In, 20-30°, Te. 

Group 4, Dowex 50-hydrogen effluent: 15-25%, As, 10-20% Se, Sb, 70-80°, Te. 

Group 5, Dowex 2-citrate: 3-7°,, Mg, Sc, Co, Ni, 35-45%, Cu, 75-85%, As, 80-90°, 
Se, Zr, Nb, Wp, La, the rare earths, Hf, 95-100°%, Ta, 80-90°, Np. 

Group 6, Dowex 2-hydroxide: Cr, Mn, 10-20°, Np. 

Group 7, Dowex 50-sodium: Na, K, Rb, Cs. 

Group 8, Dowex 2-Dowex 50, mixed bed: Ca, Sr, Ba. 

Dowex 2 = 10,200-400 mesh, and Dowex 50 x 12,200 — 400 mesh, were used. 

The ion exchange columns were arranged as shown in Fig. 1. Detailed descrip- 
tions about the group separation procedures are given by SAMSAHL (1961). 
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After the radioactive elements had been collected in the various ion exchange 
columns the ion exchange resins were dried at 200°C, homogenized. and transferred 


to stoppered polyethylene tubes for counting in a 3 
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crystal. The activity was measured and corrected for natural background with 


a transistorized 256-c 


1annel gamma spectrometer. Quantitative data on the basis 


of the dry weight of the samples were obtained by comparing the gamma intensity 
of the identified elements with those of the appropriate standards. 





GAMMA-RAY SPECTROMETRIC ANALYSIS OF ELEMENTS IN NORMAL HUMAN ENAMEL 


RESULTS 


The results obtained by means of neutron activation and gamma-ray spectro- 
metric analysis of the enamel of fifteen caries-free first bicuspids from 14—16-year-old 
boys and girls on the basis of dry weight are tabulated in Table 1. With irradiations 
at a neutron flux of 2 « 10'* neutrons /cm?/sec for 20 hr the following elements 
were determined in the enamel: Ca, P, Cl, Na, Br, Sr, Mn, Cu, W, Au and Zn. 


TABLE 1. THE CONCENTRATION OF Ca, P, Cl, Na, Sr, Zn, Br, Mn, W, Cu AND Au IN NORMAL 
ENAMEL OF FIFTEEN FIRST BICUSPIDS FROM 14—16-YEAR-OLD HUMANS 


The values are based on the dry weight and the enamel samples were neutron activated for 20 h1 
in a flux of 2 « 10" neutrons /cm*/sec and analysed in a 256-channel gamma spectrometer. 
The mean values from fifteen first bicuspids + the standard deviations are tabulated. 
P (%) 
18-3 1:16 + 0-4 


Zn (p.p.m.) | Sr (p.p.m.) | Br (p.p.m.) Mn (p.p.m.)| Cu (p.p.m.) | W (p.p.m.) Au (p.p.m.) 


276 + 106 3-§ 4641-1 0544-008 026+0-11 0-24+012 0-02+0-01 


No significant difference with respect to sex was found. Neither were any signifi- 
cant differences found between the teeth from upper and lower jaw. 

Records of four groups of an enamel sample are exemplified in Fig. 2. 

Enamel from four second molars and three canines were also analysed. The con- 
centrations of the various elements in these teeth did not significantly deviate 
from those tabulated for the first bicuspids. 


5 


DISCUSSION 

BURNETT and ZENEWITZ (1958a, b) have discussed the results obtained in relation 
to the various procedures to prepare the samples. In the present investigation sepa- 
ration of enamel and dentine by chipping and breaking was used. This procedure 
has seldom been used after the development of the flotation method. The flotation 
method is, however, not satisfactory for preparing samples for activation analysis 
because of the great risk of contamination. The method used in the present study 
seemed to be accurate for activation analysis when using instruments not containing 
inorganic components. With this method an amount of enamel sufficient for acti- 
vation and gamma-ray spectrometric analysis was obtained from each tooth. However, 
using relatively large pieces of enamel leads to some difficulty in establishing equal 
samples with regard to moisture, because the drying procedure allows some moisture 
to remain in the sample pieces. The varying moisture content could influence the de- 
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termination of the various elements when the dry weight is used as the basis of 
calculation. The moisture content of freshly extracted caries-free whole teeth, minus 
pulp, was found to be 9-3 per cent and for dentine 12 per cent (BURNETT and ZENE- 
witz, 1958a, b). In the present investigation nearly all the enamel from each tooth 
was taken for neutron activation in order to avoid errors due to an uneven distri- 
bution of the various elements. However, only about 10-20 mg of the samples are 
needed to obtain reliable data using the present methceds. 

The concentrations of some trace elements have been found in pooled samples 
to be higher in outer portions of enamel than in the inner layers (e.g., BRUDEVOLD 
and Littce, 1951; STEADMAN et al., 1959). This has also been found in enamel from 
rat teeth (MANSELL and HenpersHoT, 1960). Marked differences occur in the con- 
centrations of fluor, zinc and lead with regard to the surface and subsurface enamel. 
To a lesser extent Fe, Ag, Mn, Si and Sn are present in greater concentrations in the 
outer than in the inner portions of the enamel. However, carbonate, Na and Mg 
follow an opposite distribution pattern and increase in concentrations from the 
enamel surface inward and Cu and Sr occur in similar concentrations in surface 
and subsurface enamel (BRUDEVOLD, 1960). BRUDEVOLD and STEADMAN (1956a, b) 
found in human normal enamel that the amount of lead in the outer enamel of 
erupted teeth was greater than that of unerupted teeth and showed an increase 
with age. In the present investigation the whole enamel! of the teeth has been ana- 
lysed without differentiating the enamel in successive layers. It will be noted that 
in the present investigation the samples were not pooled; grinding layers from 


enamel by means of instruments will probably contaminate the samples. 


It seems probable that the concentrations of various elements may vary with 
age and geographical regions. In the present investigation all the humans were 
born and living in the city of Stockholm. In man the testes, hair and bone 
carry higher concentrations of zinc than other body tissues and organs. Measured 
in p.p.m. of fresh tissue the values are about 300 for the testes and 100 for bone. 
Whole blood contains about 10 p.p.m. Great variations have, however, been re- 
ported (UNDERWOOD, 1956). In the present study a mean concentration was found 
of about 300 p.p.m. zinc in human enamel, and it would therefore seem that enamel 
has a very high concentration of zinc compared with that of other body tissues. 

Surprisingly small deviations were found in the concentration of manganese 
in enamel with respect to the great variations of the daily intake of manganese 
reported (UNDERWOOD, 1956). 

The distribution of halogens have been discussed by SOREMARK (1960). Also 


the distribution of sodium has previously been discussed; the teeth are the organ 


of the body containing the highest concentration of sodium (HUGGERT ef a/., 1961). 


Quantitative data of the same elements as in the present study have been obtained 
for dentine by means of the same analytical methods (SGREMARK and SAMSAHL, 
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1961b). It will be noted that the concentrations of most of the elements studied 
are higher in enamel than in dentine as can be seen in Table 2. 


Taste 2. THE RATIOS OF THE CONCENTRA- 
TIONS OF THE VARIOUS ELEMENTS IN 
DENTINE AND ENAMEI 


Element Dentine/Enamel 


0-75 
0-74 
0-65 
0-60 
0-68 
0-75 
0-87 
0-35 
0-81 
10-80 
1-40 


As mentioned in the intreduction, our determinations by means of neutron 


activation and gamma-ray spectrometric analysis of the inorganic composition 


of enamel as well as of dentine are in progress, and quantitative data of some other 
elements obtained by a higher neutron flux than that used in the present investigation 


will be published elsewhere. 
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MEMBRANE PHENOMENA IN CARIOUS 
DISSOLUTION OF THE TEETH 


VON BARTHELD 


Department of Pathology Dental School, Utrecht, the Netherlands 
| a 


Abstract—Experiments are described that have been conducted to ascertain the 
role of DONNAN membrane effects in carious dissolution of the mineral components 
of the tooth structures. When a solution of an ionized macromolecular substance 
is separated from another solution by a semipermeable membrane, which arrests 
the macromolecules but allows free passage to small ions from both sides, the latter 
are distributed over both solutions in a peculiar way. Under certain circumstances, 
depending on the net particle charge, a drop of the pH on one side of the membrane 
can be effected, accompanied by a rise of the pH on the other side. We applied this 
principle to the problem of carious tooth decalcification. It was possible to predict 
and obtain results / tro that closely resemble actual caries, much more so than 
could be achieved until now with the use of buffered or unbuffered acids. Further 
experiments, partly still under way, strongly suggest that the beneficial effect of saliva 
on the tooth substance, mostly described as a mineralizing or remineralizing activity, 
may also be ascribed to a DONNAN membrane effect, the macromolecular agent 


being salivary muc 


Zusammenfassung — Der Haupieinwand, der gegen MiILLers chemoparasitare Theorie 
erhoben werden ka st die Tatsache, daB es sich als unméglich erwiesen hat, die 
typischen kariésen Lasionen in vitro durch direkte Saureentkalkung nachzuahmen 

Diese Tatsache hat zur Suche nach biochemischen Theorien zur Erklérung 
des Mechanismus der kariésen Entkalkung gefiihrt. Diese Theorien waren jedoch 
genau an demselben Punkt nicht erfolgreich; sie gewannen iiber ihre theore- 
tischen Aspekte hinaus keine weitere Bedeutung, weil sich sogar noch weniger exe 
perimentelle Beweise zu ihrer Stiitzung erbringen lieben. Der Autor kam zu der 
SchluBfolgerung, dal es nicht richtig ist, die Anwesenheit von freier Sdure in den 
bakteriellen Plaques anzunehmen; sobald Sdure gebildet wird, reagiert sie mit den 
Bestandteilen der Plaques, und es entstehen Verbindungen, die eine Entkalkung 
des Zahnschmelzes mittels des Membranphdnomens, wie von DONNAN beschrieben, 
bewirken kénnen. // tro Experimente konnten bei Beriicksichtigung aller in Frage 
kommenden Faktoren den Beweis einer Entkalkung von Zahnschmelz und Dentin 
erbringen, die morphologisch von der natiirlich vorkommenden Karies nicht zu 
unterscheiden war. Diese Ergebnisse scheinen endgiiltig bewiesen zu haben, dali die 


Theorie von MILLER im wesentlichen korrekt ist 


[284] 
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INTRODUCTION 

IN THE literature on dental caries indirect evidence of the role of fermentation acids 
as aetiologic agents is abundant. On the other hand direct proof of their action 
is entirely lacking, as all in vitro experiments, using acids as decalcifying agents, 
result in etching and cavitation of the tooth surface in a way that is basically different 
from the clinical aspect and course of dental caries. This study was undertaken 
to investigate the possible role of membrane phenomena of the DONNAN type, 
resulting in an acid reaction within the tooth substance and thus causing a decalci- 
fication that might resemble dental caries more closely. 

According to the views of MILLER a number of organic acids are formed by 
micro-organisms that constitute and infest the bacterial plaque and the adhering 
food rests at the well-known sites of carious attack. These acids are the product 
of carbohydrate fermentation and when present in sufficient concentration may 
attack the enamel surface, causing the chalky white appearance of the area involved 
and all other histologic changes that are too familiar to be enumerated here in 
extenso. The main characteristic of these changes is the loss of calcium salts. When 
the carious attack, in casu the opaque area of the enamel, reaches the dentino- 
enamel junction, the dentine in turn is subject to decalcification which extends in 
all directions more or less equally, thereby undermining the overlying sound enamel. 
The dentinal tubules are in most cases found to be infected with micro-organisms, 
and it is commonly believed that these are responsible for the decalcification of the 
dentine, as they too are supposed to produce acids from fermentable carbohydrates 
that allegedly reach them from the oral cavity. 

All clinical evidence obtained by MILLER and numerous other workers point 
to the correctness of these views, insofar as the forming and accumulation of acids 
is undoubtedly a causative factor in the initiation and the progress of dental caries. 
At the same time the exact nature of the decalcification mechanism is a much dis- 
puted issue, mostly because of the following facts: 

1. Time and again it has proved impossible to imitate the carious lesion in vitro 
by the action of acids on sound enamel. Whether weak or strong, organic or mineral, 
diluted or concentrated, buffered or unbuffered, acids do not cause the same 
changes as are seen in dental caries. In cases of initial caries the enamel shows 
a partial dissolution of the apatite underneath a superficial layer of more or 
less intact enamel, while the histologic structure of the opaque area remains 
intact to a certain extent (Fig. 1). In experiments with acids however it is commonly 
found that the hard superficial layer of enamel dissolves first, followed by a pro- 
gressive softening and total destruction of the enamel, the remains of which are 
easily washed away by a jet of water (Fig. 2). 

2. Even in more advanced cases of carious decalcification, the so called white 


spot may still show an intact enamel surface. Nevertheless a longitudinal section 


through this area often discloses extensive decalcification and discoloration of the 
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underlying dentine with the formation of a dead tract and infection of the tubules 
(Fig. 3). In these cases, the carious enamel, though opaque and crumbly to the 


explorer, has retained its anatomical outline, its surface gloss and a considerable 


Fic. 1. Ground section of human premolar. Initial enamel caries. Transmitted light 


60 
density in regard to its permeability. To many workers it has therefore been dif- 
ficult to accept the idea of soluble carbohydrate passing first the bacterial plaque 
and then diffusing through the opaque enamel in sufficient quantities to enable 


the micro-organisms in the tubules to decalcify the dentine. 


Fic. 2. Human upper lateral. Enamel etched with lactic acid on the labial surface. 
Incident light, x 8. 
3. Experiments in vitro with the aim of sustaining the bacteria in the tubules 
by a diffusion of carbohydrate through opaque enamel have never succeeded. 
4. A penetration of free acid from the bacterial plaque is also very improbable, 
as it is hard to understand how the dentine could be decalcified completely by acids 


passing first through only partly decalcified enamel. 
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5. In sections of carious teeth, the decalcification zone in the dentine always 
shows a clearly defined curved border, the softened dentine occupying a more or 
less spherical “cavity”. This regular cavity form and the distinct borderline, so 


Fic. 3. Ground section of human premolar. Caries of enamel and dentine. Trans- 
mitted light, 40. 


Fic. 4. Paraffin section of human premolar. Gram stain. Dentine caries. Only 
a few tubules contain micro-organisms. The decalcified area is sharply defined and 
distinctly spherical. Transmitted light, x 60. 


well known from réntgenograms, are explained very unsatisfactory in most text- 
books by correlating them with the progress of the micro-organisms in the tubules. 
Moreover, in many cases the decalcified dentine is only partially infected or even 
completely sterile, as was already discovered and described by MILLER (Fig. 4). 
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These facts and other considerations based on clinical experience have caused 


research workers to drop MILLER’s views altogether, and to search for another 


many 
explanation of the carious process. The results were invariably of doubtful value, 


as the importance of acid production cannot be minimized without giving rise 


to new and still more puzzling problems. At present the literature on dental caries 


abounds with aetiologic factors, most of which are purely fantastic. 
A thorough survey and analysis of all information has convinced the author 


that the acids formed in the plaque are an essential factor in dental caries but that 
they act indirectly, setting off some independent physico-chemical process that 


causes decalcification by lowering the pH within the tooth structures. A process 
of this kind has been described by DONNAN and coworkers in 1911. For a complete 


description of his work we must refer the reader to the literature. An outline of the 
principles involved is taken from TenpeLoo (1952). 


membrane 


Fic 


DONNAN studi 1 lonic concentrations in solutions separated by a semi- 


rmeable membrane. When one of the solutions contains an ion large enough 


| by the membrane, interesting diffusion phenomena occur. For our 


. arrested t 


», the most »ortant of these is the presence of large non-diffusing ions 


the membrane and their influence on the dissociation of pure water 


opposite compartment and on the distribution of its ions. 
us consider a substance Na*M~ dissolved and completely dissociated on 
t side of th ibrane. Under conditions as pictured in Fig. 5 the Na~ ions 
liffuse throug membrane to the right side, but they will only do so if the 
(which is impossible) or if an H* ion passes to the left in 
ion. DONNAN showed that this exchange actually takes 


juilibrium is reached, which of course is influenced by the 
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concentration of Na* M~. The right compartment then contains OH™~ ions in excess 
of the remaining H* ions, in other words, its reaction has become alkaline, while 
the solution on the left side has turned acid. 

Reverse conditions, viz. when the non-diffusing ion has a positive charge, will 
result in a low pH in the right compartment and a high reading on the left side. 
In this case (Fig. 6), the substance E* Cl~ providing the non-diffusing ion E*, 
an exchange of Cl- and OH™ ions will occur, again resulting in an equilibrium, 
dependent on the concentration of E* Cl-. The right compartment then contains 
some HCl, or some other acid as the case may be. DONNAN has pointed out that 
in this way a pH as low as that of gastric juice may be attained. It must be kept 
in mind, that the low pH reading on the right side does not necessarily indicate 
the presence of large quantities of HCl. When however any of the ions concerned 
are continually removed as a result of some secondary chemical reaction in either 


membrane 


FIG 


compartment, the transport of OH” and Cl ions through the membrane will also be 
continuous. The possibilities outlined above will serve to show that under appropriate 
conditions ionic distribution causing a pronounced change of pH is possible and 
predictable as the result of membrane equilibria of the type described by DONNAN. 


In a number of experiments we have applied this theory to the problem of carious 


decalcification. 

As enamel may be regarded as a water-containing gel of very dense structure, 
it will in its normal environment contain H* and OH™ ions equally distributed. 
Because of its density it will only admit small molecules and ions from the oral 
fluid, but it is quite impenetrable by macromolecules such as proteins. We may 
therefore consider the enamel surface as a membrane or barrier in the sense of 
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DONNAN’s theory, and at the same time its mass as one of the “compartments”, 
the other being the oral cavity. The fluid bathing the tooth surface may be a film 
of salivary mucin or the gelatinous contents of a bacterial plaque. 


Bacterial | Enamel 
+ 


Plaque 


Carbohydrate 
Fermentation 


’ 
lactic acid 
. 
pH \ 
proteins apatite 


charged slowly 
positively dissolved 


Fic 
In the immediate proximity of the enamel surface we may assume the presence 


in solution of positively charged ions, too large to diffuse into the enamel (Fig. 7). 


4 DONNAN ionic distribution will take place, resulting in a drop of the pH within 


Mucinous Enamel 
tilm 


pH7 


Oo 
Ca(OH)* Cag(PO,)3(0H) 


H>PO0, 
an maturation 


remineralisation 
Fic. & 


the enamel. The latter will “excrete” OH™~ ions in exchange for any small anions 
present in the surrounding fluid. As an increasing excess of H* -ions develops within 
the enamel, we may suppose that the latter will be decalcified under conditions 


that are exactly opposite to decalcification by immersion of a tooth in an acid. 
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It has been shown that this particular kind of decalcification is actually responsible 
for the development in vitro of the characteristic “white spots” of initial enamel 
caries, and, in later stages, for the decaicitication of the dentine as well. As the 
excess of H* ions will take part and be used in the ensuing process of decalcifica- 
tion the ion exchange will continue as long as positively charged ions are present 
on the enamel surface, or in other words, as long as predominantly positively charged 
macromolecules are present in true or colloidal solution. 

The presence of negatively charged ions must give rise to the reverse situation, 
causing the pH in the enamel to rise slightly and thus exerting a stabilizing influence 
on the apatite structure (Fig. 8). Our experiments indicate that this situation actually 
occurs, the results pointing to salivary mucin as the active agent in enamel matura- 
tion and remineralization. 

Perhaps the most important fact, that can be easily deduced from Fig. 5-8, 
is that the ionized macromolecules are not used up in any way. They need not even 
exist freely in a molecular solution, but can exert their influence as well or even 
better when forming a hydrated gel on the enamel surface (Booy, 1956). 


EXPERIMENTAL METHODS 


All experiments were conducted at room temperature on extracted sound human 
teeth, except in those cases where carious teeth were selected for comparative pur- 
poses. In most cases the teeth used were upper and lower premolars that had been 
kept for some time, varying from a few days to several weeks, in 4°, formol; the 
results did not differ in any way from those obtained with freshly extracted specimens, 
The teeth were cleaned with curettes, pumice and chalk, dried superficially and 
covered with paraffin by immersing them in a mixture of 90 parts paraffin of 60°C 
melting point and 10 parts beeswax, heated slightly above its melting point. The 
beeswax was added to render the paraffin less brittle. Windows were punched in the 


paraffin layer in order to expose one or more round areas of enamel to the influence 


of different solutions. After varying exposure times the teeth were cleaned and ground 
sections or paraffin sections were prepared through the centre of the former exposure 
window and through the tooth’s axis. Three series of experiments were conducted. 

In the first series the influence of acids was studied as to concentration and pH 
of different organic and mineral acids. In some cases the effect of different buffer 
mixtures was examined, because in the opinion of some authors the buffering action 
of the plaque constituents may be held responsible for the typical aspect of carious 
decalcification. The results of this series are compiled in Table 1. 

All experiments with mineral acids (hydrochloric, sulphuric, and nitric acid) 
have been omitted, because these acids cause a rapid destruction of the ename 
that does not bear the slightest resemblance to caries. Buffer formulae were taken 
from LEHMANN (1928). 
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Inasecond series of experiments the effect of solutions of positively charged ionized 
macromolecules was studied. As most macromolecular compounds that form 
positive ions are very feeble bases, their soluble salts showing hydrolysis in solution, 


it was difficult to conduct an experiment at neutral pH. A solution of quinine 


TABLE |. SITUATION AFTER 30 DAYS 


PH Values 


Ag. dist lactic acid 


Buffer solution “Soloid 


ph 7 lactic acid 


Buffer solution “Soloid 
pH 4 NaOH or lactic 
acid 

Buffer solution Prim. -Sec 


phosphate (“SORENSEN”) 


SORENSEN buffer soluti 


pH 7 lactic acid 


Buffer solution Sec. phos- 
phatecitric acid (LEHMAN? 
p. 55) 

Buffer solution K. mor 
citrate-borax (LEHMANN 


Be Bd-D Bd-D 


<7 
+2) 


Buffer solution K. mono- 
p 


citrate-borax (LEHMANN 
$2) + lactic acid Bg Bd D D 


Index to symbols very slight white spot, g = glossy surface, d = dull surface, 
white spot, 

€ spot, 

ed-out surface, 

face etched away, enamel changed into soft pappy mass, 


face layer intact, underlying enamel soft and pappy 


hydrochloric however was found to have a pH of 6-7 owing to the fact that only 
one of its two hydroxy! groups has been replaced by Cl-. Its molecular weight is 
324, and therefore it can be assumed that it will not enter sound enamel. A 3% 
solution in water at 37°C proved to decalcify enamel as expected. After 2 weeks 
the enamel showed all the characteristics of initial carious decalcification. A typical 


“white spot” had developed, extending to some depth into the enamel, without 


any break in the surface. 
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Further experiments were conducted with gelatin and gliadin solutions. Because 
of their typical protein structure they possess both basic and acid groups in watery 
solution, (mainly —NH,(OH) and —COOH). The H* ion is split off more easily 
than the OH~ ion, most pure proteins therefore possessing acid properties in water. 

A solution of pure gelatin has a pH of 4-7 which is its isoelectric point. Addition 
of acid to the solution of isoelectric gelatin will slowly lower its pH, the gelatin 
forming a salt while behaving as a base (Fig. 9). The H* ions from the acid will 


NH (0H) 


Fic. 9 


disappear as such, the pH falling only because of hydrolysis, until all positive va- 
lencies have been saturated with anions. The salt formed will be able to cause a 
DONNAN distribution of H* and OH™ ions as shown in Fig. 7, because the ionized 
protein has a positive charge. After addition of still more acid the solution will 
contain gelatin chloride and free acid. 

Addition of base to the solution of isoelectric gelatin will cause a slow rise of 
pH, the protein now forming an anion and behaving as an acid. The same specula- 
tions apply to gliadin, a vegetable protein that has its isoelectric point at pH 6°8. 
Addition of lactic acid caused the formation of a precipitate; the sticky mass obtained 
after decanting the clear fluid was used in the same way as the acidified gelatin. 
A series of sterile containers were filled with solutions with different pH values, 
and a number of teeth, prepared as previously described, were immersed in each 
container so that the uncovered parts of the tooth surface were in direct contact 
with the solution. For all solutions distilled water was used with a little thymol 
added to prevent the growth of molds. A Pye pH meter was used for determining 
and controlling all pH values. After a certain length of time the teeth were cleaned 
and ground sections of about 100 u prepared. Tables 2-4 represent some of the most 


important experiments. 
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TABLE 2 


pH Values 
5-5 5 47 | 45 


Gelatin 10°4, NaOH or lactic 
acid 30°,, 8 days Bg 


Gelatin 10°, NaOH or lactic 


acid 30°,, 14 days 


Gelatin 10°;, lactic acid 30 


21 days 


For explanation of symbols see Table 1. 


Taste 3 
pH Values 


6:5 6 


Gliadin 10 Ag 
NaOH ofr 
lactic acid 30 


30 days 


For explanation of symbols see Table | 


TaBLe 4 


Mean depth Mean depth 
of white of white 
spot (mm) spot (mm) 


0-08 75 0-47 
}12 8O 0-51 
0-15 85 0-54 
0-18 90 0-60 
0-21 95 0-67 
0-26 100 0-74 
0-28 105 0-76 
0-33 110 0-81 
0-39 115 0-83 
0-40 120 0-87 
0-41 125 0-99 
0-42 130 1-10 DE 
0-42 135 1-01 DI 
0-44 140 1-14 DI 
The markings DE denote that in one or more of the specimens con- 
cerned the dentine-enamel junction was reached. 


Gelatin 20°,, brought to pH=4 with 30°, lactic 
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In a third series of experiments the DONNAN phenomena caused by salivary 
mucin were studied. At the oral pH of about 7, mucin is negatively charged and prob- 
ably present as its K* salt (RADSMA, 1954). As mucin has little or no basic groups, 
addition of only a little acetic acid to saliva will repress the dissociation of the carbo- 
xyl groups, the neutralized substance falling out from solution as a viscous whitish 
mass, which is readily soluble again in very diluted alkali. This procedure enabled 
us to obtain pure solutions of mucin of known concentration. Attempts to acidify 
these solutions so as to obtain positively charged mucin particles were of course 
unsuccessful. The mucin precipitated immediately, redissolving only after addition 
of an excess of mineral acid. The resulting solutions had the same effect on enamel 
as if they had contained acid only. From these results it may be concluded that 
strictly speaking mucin is not amphoteric like most other proteins. At its normal 
PH it is strongly negative, but a slight drop of the pH readily converts it to a neutral, 
unionized and therefore insoluble precipitate, that has no further part in any accom- 
panying reaction. These findings agree with the work of OLDFELDT (1936) who 
found strongly acid properties in the case of salivary mucin (submaxillaris) with 
an isoelectric point as low as 2°5, which is in good agreement with the value of about 
2:7 found by other workers. The isoionic point was somewhere at pH 3-4—3-45. 
A very characteristic finding for mucin was its very slight acid-binding capacity 


as compared to its capacity to bind base (1 : 5-3). 


RESULTS 

All teeth from the first series of experiments (Table 1), in which acids were used 
to attack the exposed tooth surface, showed a more or less pronounced etching 
and dissolution of the enamel after a varying length of time. Only in cases of very 
slight and superficial attack did the surface remain glossy during the first few wecks, 
but soon it became as dull as was the case with the stronger solutions. In all series 
sooner or later the enamel lesions passed through the same stages as described 
at the foot of the table. In the first experiment the unbuffered solutions of course 
required only very small additions of acid to obtain and maintain pH values of 
6-5-4-5. Therefore only the solutions from pH 4 downward had sufficient strength 
to attack the enamel surface with visible results. The buffers chosen were all composed 
of substances of low molecular weight, and presumably unable to cause a DONNAN 
effect. In the buffered solutions the attack started immediately from pH 6 down- 
ward. Otherwise there was no difference from the unbuffered solutions. This proves 
that the buffering in itself has no effect on the course of acid decalcification, insofar 
that no better resemblance to carious decalcification could be obtained than with 
acids alone. A striking exception was found with the S6RENSEN phosphate buffers, 
where no lesion occurred at pH 5-5 and over. It would seem that the presence of 
phosphate ions lowers the critical pH where attack may start. As for the remaining 
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pH values, once attacked the decalcifications showed the same characteristics as 
in the other specimens. 

In the second series the results of the experiments with gelatin and gliadin con- 
firmed our speculations regarding the posibility of a decalcification of the tooth 
substance by way of DONNAN membrane phenomena, as could already be expected 
from the aforementioned preliminary set-up with quinine hydrochloric. 

Results are presented in Tables 2-4. Fig. 9 shows the general principles of these 
experiments. Part of a protein chain bearing an acid and a basic group is represented 
diagrammatically by the angular line. Depending on the presence and relative 
number of positive and negative groups per molecule a given protein has a specific 
isoelectric point. The watery solution of this protein therefore has a pH that corre- 
sponds with the specific isoelectric point of the protein. Addition of a base (e.g. 
NaOH) will result in the formation of the proteinate, the Na* ions remaining in so- 
lution, and the protein molecules bearing a number of negative charges at appropriate 
sites of the side groups. The free base disappears as such and is said to be buffered; 
it should be kept in mind that the process is in fact a salt being formed, and that 
it is not buffering in the strict sense. The pH rises because of hydrolysis, and the 
ionized protein obtains a water mantle, causing the solubility to increase and the 
solution to become more viscous. Addition of acid has the opposite effect as to 


the charge obtained, the protein now being charged positively at the sites of its 


aminogroups. The acid is “buffered”, the pH slowly drops below the isoelectric 
point, and protein chloride, lactate, or another compound is formed according 
to the acid used. Again a water mantle forms around the ionized protein molecule, 
accompanied by increased solubility and viscosity. 

When all negative groups have been saturated with base, or all positive groups with 
acid, the buffer capacity of the protein will be exhausted. If in the last mentioned 
case more acid is added, this will be present as free acid and cause the same lesions 
as in the first series of our experiments. In the case of salivary mucin however, 
which abounds with acid (—-COOH) groups, basic groups lacking almost entirely, 
it is of course impossible to obtain a salt with an acid, except by a crude treatment 
with excess of mineral acid. 

In the experiments now under consideration we used solutions of gelatin and 
gliadin. As has been explained above both substances can be given a positive or 
negative charge at will; the only difference is in their isoelectric points, which are 
at pH 4-7 and 6°8 respectively. The acid added was buffered, the important difference 
with the first series of experiments being that the buffering or salt-forming substance 
was non-diffusable. On the strength of this fact we could assume that a DONNAN 
effect would ensue. A positively charged gelatin or gliadin would tend to cause 
a drop of the pH within the enamel, while a negative charge will result in a basic 
reaction of the free water in the enamel structure. 
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Some experiments are summarized in Tables 2, 3, and 4, which only mention 
the macroscopic appearance of the enamel surface. Not included are the micro- 
scopic findings from the corresponding ground sections which will be dealt with 
separately. The most important conclusions that can already be drawn from these 
tables are the following. In conformity with our expectations, at all pH values 
above the isoelectric points (irrespective of their absolute numerical value) the teeth 
remained undamaged, even if these values were under pH 7. In our opinion this 
situation exists normally in the mouth, where the tooth surfaces are in contact 
with saliva, the mucinous film derived from this fluid being strongly negative at the 
normal oral pH. 

Below the isoelectric point the macromolecules change their overall charge from 
predominantly negative to positive and the enamel is subjected to internal decalci- 
fication. As will be shown, this decalcification is identical to caries as far as the loss 
of calcium salts are concerned, both from the enamel and the dentine. As can be de- 
duced from Tables 2 and 4 the best and quickest results are obtained when the gelatin 
concentration is high, and the pH is only slightly under its isoelectric point of 4-7. 
The drop of pH in the enamel depends on the gelatin concentration according to 


[H+] = V (Ku* Cyeratsn) 


as computed by DONNAN, which explains the necessity of a high gelatin concentration. 
The acid-binding capacity of the concentrated gelatin gel should not be exceeded, 
solutions of pH 3-5 already showing marks of direct acid action. The most suitable 
pH at room temperature proved to be pH 4 or slightly over. 

The histological aspects of the teeth decalcified under these optimal conditions 
are the following: 

1. The exposed surfaces show a white discoloration which starts after a few days, 
sometimes even after a few hours. 

2. The white spot keeps all surface characteristics of sound enamel, as could 
be affirmed by incident light microscopy and a replica technique described by 
PANTKE (1956). 

3. In longitudinal and transverse ground sections the lesions show the same 
alternations as can be observed in dental caries, of course with the exception of 
infection, pigmentation and proteolysis. We studied these with incident and trans- 
mitted light, darkfield illumination, phase contrast and polarization microscopy 
(Fig. 10a, b, c). 

4. When the lesion reaches the dentino-enamel junction, the dentine is decal- 
cified in the form of a slowly widening spherical area, thereby progressively under- 
mining the enamel (Fig. 11). 

5. In most cases two transparent bands can be observed to extend from the 
decalcified zone to the pulp chamber, following the course of the dentinal tubules. 
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As in actual caries, these bands—in reality a tube of “sclerosed”’ dentine—enclose 
the “dead tract” described by Fisu (Fig. 12). The cause of this transparency could 
not be ascertained with certainty, but it seemed to be part of the total picture, 


a “defence mechanism” of course being excluded absolutely. 


Fic. 10 (a). Grou section of human premolar. Artificial enamel caries. Gelatin 
~ with lactic acid 30°,, pH 4. Transmitted light, 360 


Fic. 10 (b). Ground section of human premolar. Artificial enamel caries. Gelatin 


20 with lactic acid 30 pH 4. Incident light, 15 


6. In some cases the undermined enamel shows a retrograde decalcification 


(Fig. 13). 
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7. The border between totally decalcified and undecalcified dentine is rather 
abrupt and sharply defined (Fig. 11 and 13). When, however, calcium monophos- 
phate is added from the start to the gelatin in excess, both areas blend evently into 


Fic. 10 (c). Ground section of human premolar. Artificial enamel caries. Gelatin 
20°,, with lactic acid 30°, pH 4. Polarized light, total extinction 50. 


Fic. 11. Ground section of human premolar. Artificial enamel caries. Gelatin 


20°,, with lactic acid 30°%, pH 4. Transmitted light, 30 


one another (Fig. 14). As in the first series of experiments, addition of phosphates 


strongly retarded decalcification in those experiments where the time factor was 


varied, and it lowered the critical pH in those series, where a descending scale of 
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pH values was prepared. As yet we are unable to offer an explanation of this phe- 


nomenon. 
At the present time our observations on the activity of the gliadin solutions are 


limited to those given in Table 3, the development of lesions with involvement of 


Fic. 12. Ground surface of human premolar. Artificial caries. Gelatin 20°, with 


lactic acid 30°, pH 3-5. Decalcified dentine stained with bromthymol blue, added 
to the mixture from the start. Incident light, 10 


the dentine as shown in Fig. 12 taking from | to 2 years. However, from the results 


obtained already with gelatin as outlined above, confirmed by comparative 


studies with different microscopic techniques mentioned before, we have come to the 


Fic. 13. Ground section of human premolar. Artificial caries Gelatin 20°, with 


lactic acid 30°,, pH 4. Transmitted light, 100 


conclusion that the presence of positively charged ionized macromolecules in solu- 
tion, or as a hydrated gel on the enamel surface, is sufficient but necessary to create 
a DONNAN membrane effect, thereby decalcifying the enamel and successively the 
dentine in a way that bears the closest resemblance to actual caries. 
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In a recent experiment the effect was studied of adding a neutral salt to a standard 
decalcifying mixture of 25°, gelatin brought to pH 4 with lactic acid. It was assumed 
that this addition of NaCl, in itself a harmless substance, would intensify the decal- 
cification, as it could be expected that the Cl~ ion would diffuse better into sound 
enamel, being smaller and having a greater mobility and activity than the lactic acid 
ion, apart from its probably greater dissociation. As expected, the teeth from mixtures 
containing | or 2°,, NaCl showed a nearly doubled decalcification intensity as meas- 
ured in depth of the white spot, and as compared to the controls without NaCl. 


14. Ground section of human premolar. Artificial caries. Gelatin 20%, with 
/o 


I 1G 
lactic acid 30°,, pH = 4. Transmitted light, 20. 


With greater amounts of NaCl the effect disappeared again, probably because the 


dissociation of the gelatin was suppressed by the higher NaCl concentrations. 


Perhaps the same situation exists in the bacterial plaque in the human mouth, 


where a definite concentration of Cl- ions may be an important factor in the very 


first stages of enamel attack rather than the actual presence of lactic acid ions, taking 
into consideration the very narrow “spaces” that are present in normal enamel, 
and seem to remain so in the superficial layer during a considerable time before 


surface etching and cavitation occur. 

In the third series of experiments the influence of negatively charged macromol- 
ecules was tested. Neither gliadin nor gelatin solutions at pH values above their 
isoelectric points proved to cause ill effects on the enamel, even if the actual pH 


readings were under 7. In the opinion of the author this is a result of the pH shift 


caused by the presence on the tooth surface of negatively charged particles, as 
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already represented in Fig. 5. Any small ions present in the fluid, when diffusing into 
the enamel, will find an alkaline reaction there. The saliva being saturated with 
calcium monophosphate at normal oral temperature and pH, the salt will precip- 
itate after diffusing into the enamel, and the precipitate must pass via secondary 
phosphate to tertiary phosphate in the form of hydroxyapatite. Probably this is 
what happens in the mouth when a tooth surface attacked previously by initial 
caries is exposed to the cleansing action of mastication and to salivary flow, as is 
so often the case when a neighbouring tooth is removed. Evidently a DONNAN 
membrane effect of this kind may also form the basis of normal tooth minerali- 


zation and enamel maturation (Fig. 8). 


DISCUSSION 


In the opinion of the author the results described, when applied to the problem 
of dental caries provide a clear insight in the mechanism of carious decalcification. 
Initial caries of enamel, the so-called white spot, is the result of a ionic distribution 
of the DONNAN type, dependent on the presence and concentration on the tooth 
surface of positively charged ionized macromolecules, namely the proteins and their 
derivatives in the bacterial plaque, rather than the presence of free acid. Important 
factors are acid production rate, average isoelectric point and concentration of the 
proteins present, and the rate of clearance of all compounds concerned. The lactic 
acid formed in the plaque lowers the pH on the enamel surface only slightly, at the 
Same time reacting with the proteins present from food debris, etc. If the pH drops 
sufficiently to cause a predominantly positive ionization of the soluble proteins 
present, a white spot will form, followed by the well-known other phenomena of 
carious decalcification. 

The same DONNAN membrane laws serve to explain the dentine decalcification. 
As was proved by our experiments the dentine can be decalcified completely by 
a DONNAN effect. This proves that in actual caries the presence of micro-organisms 
in the tubuli is only secondary, and their activity is directed mainly to a proteolytic 
destruction of the remaining dentine matrix and Tomes’ fibres. 

When the tooth surface is not covered by a bacterial plaque, the situation and 
the ensuing DONNAN effect are exactly the opposite of the foregoing. A thin film of 
mucin is always present on the tooth surfaces that are freely exposed to the saliva. 


This film adheres rather strongly to the tooth, and when removed is quickly formed 


again. At the normal salivary pH of about 7 this substance is very strongly ionized, 
bearing negative charges and thus exerting a favourable influence on the state of 
mineralization of the hard tissues. 

Experiments to establish the degree of ionization at pH 7 of individual samples 
of human salivary mucin are under way. Obviously at this pH a given mucin may 
carry a greater number of negative charges per molecule than some other sample. 
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Comparative measurements of this relative particle charge may prove to show 
better correlation with caries activity than has been obtained until now by simple 


pH measurements of whole saliva. 
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FACTORS INVOLVED IN REMINERALIZATION 
OF CARIOUS LESIONS 


BRUDEVOLD, B. H. AMpDUR and A. MESSER 


Forsyth Dental Infirmary, 140 The Fenway, Boston 15, Mass., 


Abstract—Although the role of the decalcified enamel matrix in remineralization 
of carious lesions is uncertain, our in vitro studies demonstrate that salivary sediment 
can act as matrix, and initiate calcification, and that apatite crystals can also catalyse 
crystal formation. Salivary sediments invariably calcified when they were exposed 
to calcifying solutions. The calcifiability was not destroyed by heating the sediment 
at 70 C for 30 min, nor was it dependent on the presence of viable micro-organisms 
Mineral formation induced by hydroxy-apatite was greatly accelerated when traces 
of F (F 0-2 p.p.m.) were present in the calcifying solution. This effect of F was apparent 
in the pH range studied (pH 62-7-4). CaF, was not formed in these experiments, 
but F was rapidly removed from the solution and was probably deposited as fluor- 
hydroxyapatite 

The presence of Mg or carbonate in the calcifying solution retarded the rate 


of crystal formation. Small concentrations of F compensated the Mg effect 


It was concluded that the ionic species present in saliva and in tooth structure 
affect the process of remineralization and that the net effect of F as well as that of 


other ions is a sum total of complex interionic action 


Zusammenfassung—Obwohl die Rolle von entkalkter Zahnschmelzmatrix bei der 
Remineralisation kariéser Lasionen unbestimmt ist, zeigen unsere in vitro-Unter- 
suchungen, dali das Speichelsediment als Matrix dienen kann und die Verkalkung 
in Gang setzt und dai auch Apatitkristalle die Kristallbildung katalysieren kénnen 
Speichelsediment verkalkt immer, wenn es entsprechenden verkalkenden Lésungen 
ausgesetzt wird. Die Verkalkungsfahigkeit wurde durch 30-miniitiges Erhitzen des 
Sedimentes auf 70° nicht zerstért; sie war auch nicht abhangig von der Anwesenheit 
lebender Mikroorganismen. Die Mineralbildung durch Hydroxylapatit wurde stark 
beschleunigt, wenn Spuren von F (f 0,2 p.p.m.) sich in der Lésung befanden 
Diese Wirkung von F war im untersuchten pH-Bereich (pH zwischen 6,2-7,4) offen- 
sichtlich. CaF, wurde in diesen Experimenten nicht gebildet, aber F verschwand schnell 
aus der Lésung und wurde wahrscheinlich als Fluorhydroxylapatit ausgefAllt. 
Die Anwesenheit von Mg oder Carbonat in der Verkalkungslésung verzégerie die 
Geschwindigkeit der Kristallbildung. Niedrige F-Konzentrationen glichen den Mg- 
Effekt aus 

Es wurde daraus geschlossen, daB die lonenarten, die im Speichel und in den Zahn- 
Strukturen vorhanden sind, den Prozess der Remineralisation beeinflussen und 
dal} der Effekt von Fluor und anderen Ionen in dem komplexen interionischen Ge- 


schehen zur Auswirkung kommt 
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THE BIOCHEMISTRY OF ENAMEL IN RELATION 
TO CARIES-RESISTANCE 


G. N. JENKINS 


University of Durham, Newcastle upon Tyne, England 


Abstract—It might be expected that the composition of enamel would affect sus- 
ceptibility to caries but this is difficult to investigate for several reasons. In particular, 
since caries begins at small imperfections in the enamel, it may be that it is the com- 
position at these sites, rather than of the enamel as a whole, which affects the re- 
sistance of the tooth. No differences have been established in human enamel related 
to caries-resistance (except the fluoride content in high fluoride areas) although a 
number of suggestions have been made. Animal experiments suggest that the 
P/CO, ratio, the carbohydrate content or the presence of certain trace elements 
might be related to caries but these points have not been thoroughly investigated 
in man. 


Zusammenfassung—Man kénnte erwarten, daB die Zusammensetzung des Zahn- 
schmeizes die Kariesanfalligkeit beeinflussen wiirde, aber es ist schwierig, dariiber 
Untersuchungen anzustellen Insbesondere, da die Karies an kleinen, minderwertigen 
Stellen des Zahnschmelzes beginnt und die Zusammensetzung an diesen Stellen 
fiir die Resistenz des Zahnes eine gréBere Rolle zu spielen scheint als der Zahn- 
schmelz als Ganzes. Es wurden bisher keine Unterschiede im Zahnschmelz beziig- 
lich der Kariesresistenz gefunden (ausgenommen der hohe Fluorgehalt in Fluor- 
gebieten), obwohl hieriiber eine Anzahl Vermutungen geduBert worden ist. Tierver- 
suche legen es nahe, dai der P/CO,-Quotient, der Kohlenhydratgehalt oder das 
Vorhandensein gewisser Spurenelemente in Beziehung zur Karies stehen kénnten. 
Beim Menschen wurde bisher keiner dieser Faktoren griindlich untersucht. 


INTRODUCTION 
AT FIRST SIGHT One very obvious approach to the caries problem and in particular 
to the question of why some people are more prone to caries than others, would be to 
investigate the composition of enamel in relation to its caries-resistance. On further 
consideration, however, this approach suffers from several disadvantages. In the 
first place, what can be regarded as caries-prone or caries-resistant enamel? Until 
caries has actually begun, and produced chemical changes, there is no means of 
knowing whether a particular tooth is caries-prone. Likewise, if one takes a caries-free- 
tooth there is no guarantee that it would not have become carious had it remained 
in the mouth for a longer time. It has been usual to compare the surviving tissues 
of a carious tooth with those of a tooth which, up to the time of extraction, had 
resisted caries. But there is the possibility that the products of the carious process 
may diffuse into the otherwise sound part of the tooth, thus altering its composition. 


[305] 
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Alternatively, it cannot be necessarily assumed that the whole of the enamel would 
have the same composition and the surviving part may not show the difference in 
composition which caused the decayed part to have a low resistance to caries. 

This point leads to another difficulty inherent in relating chemical structure to 
caries-resistance which has not always been considered. The enamel surface is now 
known to differ in composition from the enamel as a whole (JENKINS and Speirs, 
1953; BRUDEVOLD, GARDNER and SmiTH, 1956). Since caries begins on the surface, 
it might be expected that the surface composition would be most closely related 
to caries-resistance. The recent work of DARLING (1956, 1958), in showing that 
caries begins at small imperfections in the enamel surface, raises the possibility 
that differences of composition at these small points or immediately inside them 


might suffice to influence the resistance to a carious attack. If the composition of 


enamel, and perhaps dentine (BRADFORD, 1960), affects the rate of progress of caries, 
rather than the resistance to its initiation, then highly localized differences in compo- 
sition would, of course, be less important. 

It must be emphasized that the composition of the tooth could never be con- 
sidered as the only factor involved in its caries-susceptibility. The question is rather 
how important is the composition compared with the morphological form, and 
spacing, of the teeth, the nature of the diet and eating ‘habits, the rate of flow, the 
buffering and antibacterial power and other properties of saliva. 


GROUNDS FOR BELIEVING THAT ENAMEL COMPOSITION IS RELATED 
TO CARIES RESISTANCE 

There are at least four grounds for believing that the structure of teeth is related 
to caries resistance even though, for the reasons mentioned above, it may be difficult 
or even impossible to establish the details. 

(1) The well-known work of SOGNNaAES (1948a) suggested that the “war-time 
diet” effect involved, at least partly, an increased resistance of the tooth to account 
for the apparent time-lag in the fall in caries. There is now some doubt about whether 
the time-lag was real as Parritr (1954) has pointed out that it would take several 
years for a change in rate of caries to influence the total cumulative caries score. 
This is particularly true when, as in this case, the data studied is somewhat crude 
and was not collected originally for research purposes. But there is also evidence 
in some teeth of an increased caries-resistance which remained even after war con- 
ditions had ceased (Toverup, 1957; HApsIMARKOS, 1960). 

(2) The animal experiments carried out in an attempt to explain the apparent 
time-lag did show quite convincingly that caries-resistance in rats, mice, hamsters 
and monkeys could be influenced by both pre- and post-natal diet (SOGNNAES, 
1948b). Although these results are of great interest in themselves, there is no proof 
that they provide the real explanation of the wartime dict effect. 
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(3) The work of Soset et al. (1960) has shown an effect in rats of the Ca/Po, ratio 
of the diet on the composition of enamel and the possible resistance to caries. 

(4) The final approach which suggests that enamel structure is a factor in caries 
is the finding in animals that the environment of the teeth shortly after eruption can 
influence their resistance to caries (VOLKER, 1951). Thus, if a cariogenic diet is given 
to hamsters 8-12 days old, more caries develops during a constant period than if 
the cariogenic diet is withheld until the age of 45 days (FINN, KLAPPER and VOLKER, 
1955). FANNING, SHAW and SOGNNAES (1953) have shown in rats that contact with 
saliva is necessary for this post-eruptive increase in caries-resistance, but the active 
substances and the nature of the changes in enamel composition which presumably 
occur have not been identified. ADLER (1957a) has presented clinical evidence for 
a post-eruptive increase in resistance of human teeth, and Weaver (1944) gave 
reasons why water-borne fluoride might partly act just after eruption. 

It might be speculated that a deposition of calcium and phosphate occurs on the 
enamel, perhaps sealing up some of the enamel imperfections at which caries begins. 
This may also be linked with the work of Knappwost (1951), supported by different 
types of experiments by PIGMAN, KOULOURIDES and NEWBRUN (1960) and BRUDE- 
VOLD, MESSER and AmMpurR (1961), suggesting that fluoride may increase the prec- 
ipitation of calcium phosphate on the tooth surface. 


DIFFERENCES IN THE INORGANIC FRACTION OF ENAMEL 

The early literature contains suggestions of differences in composition between 
sound and carious teeth but the results are of limited value as whole teeth, or roots 
and crowns, were usually analysed rather than enamel and dentine. Precautions 
for excluding dental tissues altered as a result of caries were either unstated or inad- 
equate. 

GASSMAN (1921) reported that third molars (which he assumed to be more suscep- 
tible to caries than other teeth) contained excess calcium and carbonate, i.e. were 
deficient in phosphate. Other earlier results suggested that the magnesium of enamel 
from carious teeth was higher than in sound enamel (Howe, 1926; KAUSHANSKY, 
1932; ULricn, 1925). MuRRAY and Bowes (1936) found no differences between the 
calcium, phosphorus or total ash of enamel from sound and carious teeth but the 
carbonate was higher and the Mg lower in the carious samples. 

ARMSTRONG and BrekHus (1938) who analysed a small number of samples 
of enamel from sound and carious teeth reported no correlation between compo- 
sition and susceptibility to caries (in Ca, P, Mg or CO,). One set of their figures 
does show a difference in the Mg content, however (0-23 per cent for sound enamel, 
0-32 per cent for carious). Rircuie (1961) states that feeding magnesium phosphate 
to a group of 200 patients of varied ages haves reduced caries incidence. Analyses 
of the enamel surface from some of the teeth have suggested that magnesium may 
become attached to the surface where he thinks it may act as a mobile reserve 
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protecting the enamel. In a few teeth from the controls (not fed the salts) the enamel 
analyses suggested that the surface magnesium is higher in the enamel of caries- 
free subjects compared with caries-prone, but the number of analyses published 
is far too small, and the matching of the ages of the teeth is inadequate, to establish 
this point. 

PicarD and Cartier (1952) analysed the enamel and dentine from 120 human 
permanent teeth and found no differences in calcium, phosphate or ash in the enamel 
whether the teeth were sound or with superficial or deep cavities, Similarly negative 
results were obtained by OCKERSE (1949). 

In animals, contradictory results have been obtained on the effect of feeding 
high sugar, caries-producing diets on the minerals of teeth. HARTLES (1951) reported 
that a 67 per cent sugar diet increased the calcium and phosphate concentrations 
of enamel and dentine but this was not confirmed by Hap et a/. (1955) who found 
no differences in any constituent. Cremer et a/. (1953) analysed the whole teeth 
of rats fed for three generations on a refined, caries-producing diet containing 
63 per cent sugar along with controls on a similar diet with only 14 per cent sugar. 
The only significant difference was a lower magnesium content (0-32 per cent) 
in the high sugar group (controls had 0-44 per cent). 

It may be concluded that there is no detectable difference between the calcium 
and phosporus contents of whole enamel from sound and carious human teeth 
but that the CO, has been stated to be higher in carious-susceptible enamel (MURRAY 
and Bowes, 1936) and there are contradictory statements about magnesium. 


FLUORIDI 

It is now quite clear that the fluoride concentration of enamel is related to the 
fluoride ingestion which, in most people, means the fluoride level of the water supply 
and is, therefore, related to the high caries resistance of teeth formed in “high 
fluoride” areas. However, in addition to this well-established fact suggestions have 
been made that the fluoride concentration of enamel is related to variations in 
caries-resistance even in “low fluoride” areas. Thus, ARMSTRONG and BREKHUS 
(1938) stated that enamel from non-carious teeth contained an average of 0-O111 
per cent fluoride whereas the surviving enamel from carious teeth averaged only 


0-0069 per cent. These results were highly significant but have not been confirmed 
by others on larger groups of teeth (McCLure 1950; MacC.ure and Likins, 1951) 
and remain unexplained. Nevertheless, the fluoride of the surface enamel from 


carious and non-carious teeth has not been investigated and might be related 


to caries without altering perceptibly the total F of enamel.** 


* Since this paper was read, Nikiforuk (Caries Symposium, Zurich 1961, Huber, Berne p 
62) has published data which tentatively support the conclusion that the surface fluoride of 
non-carious enamel is higher (136 p.p.m 20-6) than for carious enamel (83 p.p.m 13°0) 


in residents of Toronto (F of water 0-1 p.p.m.) 
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Analyses of teeth from various parts of the world where caries is known to be 
low (India, Iran and the Canadian Arctic) have also shown that the fluoride of 
enamel and dentine was significantly higher than in teeth from Americans (SHAW, 
Gupta and Meyer, 1956; SHaw, Resnick and Sweeney, 1959). It is impossible 
to say whether this difference arose from a higher fluoride intake (the intake was 
not known) or from other factors which influence fluoride absorption, such as low 
calcium intake or general malnutrition. This is an interesting point which 


deserves more investigation. 
EFFECT OF CO,/PO, RATIO 


Sone. and HANOK (1948) have shown in cotton rats that by feeding diets with 
varying Ca/PO, ratios it is possible to affect the CO,/PO, ratio (but not the Ca/PO, 
ratio) of the bones and teeth. A low Ca/PO, ratio of the diet (i.e. a diet high in PO,) 
resulted in a low CO,/PO, ratio in the teeth enamel and dentine. Since several 
workers have found that carbonate is dissolved out from a tooth in preference to 
phosphate it might be predicted that a high CO,/PQ, ratio in enamel would increase 
its solubility and thus favour caries. Experiments did indeed show that cotton rats 
fed on a non-cariogenic diet with a low Ca/PQO, ratio during the formation of their 
teeth and then put on to a cariogenic diet with a similar Ca/PO, ratio for 12-14 
weeks showed both a smaller number and size of carious lesions compared with 
similar animals on a high Ca/PO, ratio during tooth formation (Sopet, 1955; Sopet 
et al., 1960). 

The recent finding that a high level of phosphate in a diet reduces its cariogenicity 
complicates the interpretation of this experiment. There is no proof that the (pre- 
sumably local) effect of the high phosphate of the diet which promoted the low 
CO,/PO, and the low caries rate did not account for it. To prove the importance of 
tooth composition on caries resistance, it would be necessary to feed the diets with 
different Ca/PO, ratios to groups of animals during the formation of their teeth 
and then feed a cariogenic diet with a normal Ca/PO, ratio to both groups. It must 
also be emphasized that the Ca/PO, ratios in the diets of Soper ef a/. were quite 
outside the variations found in human diets. 

Few analyses of the CO,/PO, of human teeth have been carried out but 
Bowes and Murray (1936) analysed enamel from teeth with varying degrees 


of hypoplasia. They showed that the percentage of CO, increased as the severity of 


hypoplasia increased. If it be accepted that hypoplasia reduces the caries-resistance 
of a tooth, these results support SopeL’s conclusion. As mentioned earlier, MURRAY 
and Bowes (1936) reported also that enamel from carious teeth (without hypo- 
plasia) had a higher carbonate and the same phosphate (i.e. high CO,/PO, ratio) 
than enamel from non-carious teeth. 

The general question of vitamin D, hypoplasia and caries will not be discussed 
here since this is probably more a question of morphology than biochemistry. 
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TRACE ELEMENTS 


SOGNNAES and SHAW (1954) investigated the nature of the substance(s) present 
in natural diets which reduced the caries-susceptibility of animals when fed during 
the period of formation of the teeth. The fact that, in the original experiments of 
SOGNNAES, the caries of the offspring was affected when the animals were fed the 
natural or synthetic diets for some time before pregnancy, strongly suggested that 
trace elements were involved. It is almost inconceivable that changes in the major 
constituents of the diet could have pre-natal effects. SOGNNAES and SHAW found 
that the ash obtained by heating the natural diet to 450°C had an effect similar to, 
but not quite as great as, that of the natural diet and had an additional effect in 
reducing caries when fed prenatally. These facts suggest that some mineral substance, 


presumably a trace element, was entering the enamel and increasing its caries resist- 


ance. A qualitative analysis of the ash has been published but it is not known 
which of the many trace elements may be responsible for the action on caries. The 
trace elements of enamel formed on the natural, refined or refined plus ash diets 
have not been reported 

In addition to fluoride, some other trace elements have been implicated in caries. 
Vanadium (Geyer, 1953), molybdenum (ADLER and Srraus, 1953: ADLER, 
1957b; BUOTTNER, 1961) and manganese (STEPHAN and Harris, 1953; MUNCH, 1958) 
have been stated to reduce caries and selenium to increase it (TANK and STORVICK, 
1960; BUTTNER, 1961). On the other hand, negative results have been reported on 
rat caries for vanadium and manganese (BUTTNER, 1961). It is of interest that the 
ash of the diet prepared by SOGNNAES and SHAW contained fluoride, vanadium and 
molybdenum although the two latter elements were only detected qualitatively. 

The concentration in human enamel of these trace elements in relation to caries 
does not seem to have been adequately studied, but MEULEN (1955) reported that 
the molybdenum concentration in the ash of non-carious permanent teeth was 
0-55 p.p.m. but only 0-03 p.p.m. in carious teeth. 

Molybdenum has been found to increase the absorption and retention of fluoride 
in rats (CRANE, 1960; STrooKeY and MUHLER, 1960) although BUTTNER (1961) 
could not confirm this. ADLER and StrRAuB (1953) found that the caries incidence 
in certain towns in Hungary was lower than might have been expected from the 
fluoride of the water supply, although molybdenum was higher than usual. The 
effect of molybdenum in reducing caries was confirmed in rats fed on a coarse corn 
diet and receiving 0-1 p.p.m. of molybdenum in their water. It would be interesting 
to know the fluoride and molybdenum contents of the enamel from residents of the 
Hungarian towns studied by ADLER and STRAUB. 

In view of the evidence that the war-time diet effect on caries involved changes in 
the structure of teeth, an analysis was undertaken of the enamel of a small number 
of teeth formed before and during the war (JENKINS and Speirs, 1954). It was hoped 
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that this might reveal the nature of the dietary factor which had appeared to increase 
the resistance of the teeth, although, as the number of teeth was small (forty-nine 
prewar and forty-eight wartime) it was realized that only fairly large differences 
could be established. 

Enamel separated by the Manly and Hodge method was analysed for: fluoride, 
CO,/PO, ratio, carbohydrate and trace elements (qualitative). Enamel specimens 
ground off teeth with a bur were used for spectrographic examination for trace 
elements. In addition, the solubility in buffer at pH 4-0 of “windows” in the wax- 
covered enamel of the intact teeth were compared. 

No differences were established, but slight non-significant trends were found 
towards reduced solubility and lower CO,/PO, in the teeth formed during the war. 


ENAMEL PROTEIN 

Of two groups of workers who have studied the nitrogen content of enamel, 
one concluded that it did not differ in caries-prone or caries-resistant teeth (MURRAY 
and Bowes, 1936) but the other found that caries-susceptible teeth contained less 
nitrogen but the difference was of uncertain significance (DEAKINS and VOLKER, 
1941). A careful investigation by Hess and Lee (1954) of the amino acid concentrations 
in the mixed proteins from the healthy enamel of seven groups of five carious molars 
when compared with similar figures referring to enamel from an unspecified number 
of caries-resistant teeth did show some marked differences. Methionine, hydroxy- 
proline and tryptophane were lower and threonine, alanine, tyrosine and leucine 
were higher in the non-carious although the percentage of other amino acids were 
within experimental error. Every care seemed to be taken to avoid contaminants 
(always a serious difficulty in dealing with enamel protein) and in excluding enamel 
which had been altered as a result of caries. Hess and Lez made no attempt to inter- 
pret these results, which do not seem to have been reinvestigated by other workers, 
but one might speculate that, if confirmed, they indicate that the various proteins 
of enamel are present in different proportions in carious and non-carious teeth. LITTLE, 
(1961) has suggested, from electron micrographs of sections of teeth with variations 
in caries resistance, that the protein in the prism core is more soluble in the caries- 
prone teeth. The groups of teeth compared included some from a high F area (5-15 
p.p.m.) and from a caries-free population of 1800 years ago as well as from caries- 
prone and caries-susceptible subjects from the general population. 

More work is urgently needed on the nature of the soluble protein of enamel 
and of the factors which influence its formation. Since DARLING and MORTIMER 
(1959) have suggested that removal of the soluble protein may be the first stage 
of caries (although their work has not yet been confirmed) more information about 
this material might provide new approaches to caries prevention. For example, 
if methods could be found of reducing its solubility or preventing its formation 
the resistance of the tooth could perhaps be increased. 
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OTHER ORGANIC CONSTITUENTS 

Several lines of work have suggested that other organic constituents of enamel 
might be related to caries-resistance. 

EGyepi (1953) studied the carbohydrate concentration of teeth of natives of the 
Netherlands (high caries incidence) with those from Indonesia (low caries). He 
stated that the carbohydrate, as measured by the anthrone method, was higher 
in the enamel from the Dutch teeth and suggested that a high carbohydrate con- 
centration favoured caries by providing nutrients for invading bacteria. STACK 
(1956) found no correlation between the carbohydrate of enamel and caries expe- 
rience in British teeth. 

As already mentioned, SoGNNAgs found that the feeding of high sugar, refined 
diets to animals during tooth development and prenatally increased the suscepti- 
bility to caries. Although SOGNNAgEs himself never stated that the high sugar level 
of the diet was responsible, but suspected a low level of trace elements resulting 
from the refining of the dietary constituents, other workers (including EGyep1) have 
sometimes assumed that the high sugar concentration was responsible. 

Two feeding experiments on animals have been interpreted as supporting the 
idea that the carbohydrate of the diet during tooth formation influences the caries- 
resistance of the tooth which could also provide an alternative or additional explana- 
tion for the results of SOGNNAES’sS experiments on the prenatal feeding of natural 
and refined diets. 

STEINMAN and Hacey (1957) carried out a number of experiments in which 
various carbohydrates (20°, solutions) were administered by dropping pipette to 
groups of new-born rats throughout the period of suckling. In one experiment 


a control group receiving tap water was included. The animals were then fed a 


cariogenic diet. The results showed that the sugars, and also starch, when received 


by rats during tooth formation greatly increased caries susceptibility. The weights 
of the animals were not affected by this procedure (except in the starch group) 
from which it is concluded that the milk intake was not different in the different 
groups and the caries-susceptibility could only have been affected by higher carbo- 
hydrate intake. 

BUXBAUM ef al. (1958) compared the caries score and glycoprotein content of 
the teeth of rats fed either high sugar or natural diets similar to those by SOGNNAES. 
The results were interpreted as showing that both caries susceptibility and the 
glycoprotein content of the teeth were greatly increased by the high sugar diet. 
Unfortunately, this experiment is inconclusive because the whole teeth and not 
the enamel were analysed for glycoprotein. The analyses were carried out on the 
carious teeth and although they were washed and gross food debris was probably 
removed it may have remained in deep cavities. Also, in view of the finding of STACK 
(1954) that the concentration of carbohydrate in chalky enamel may be up to 





THE BIOCHEMISTRY OF ENAMEL IN RELATION TO CARIES-RESISTANCE 313 


twelve times higher than in normal enamel, the rise observed by BUXBAUM et al. 
may have followed the caries. The same criticism may apply to EGyepi’s results 
on Dutch and Indonesian teeth. 

SUMMARY AND CONCLUSION 


Apart from the fluoride concentration, no constituent of enamel is definitely 
known to be related to caries resistance in man. Many experiments have suggested 
possible differences, however, and more work is especially desirable on human 


teeth, with proper precautions against artefact, on the following: 

(1) Concentration of magnesium and various trace elements, especially on the 
enamel surface; 

(2) Carbonate concentration and the CO,/PO, ratio; 

(3) Changes occurring during the post-eruptive maturation of enamel; 

(4) Qualitative differences in enamel protein; 

(5) Quantitative differences in carbohydrate. 

Acknowledgement — The author wishes to thank Professor P. ADLER, Dr. W. 
BUTTNER and Professor H. MUHLEMANN for help in tracing references in certain 
European journals. 
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Abstract—The National Institute of Dental Research dedicated its modern, 4 million 
dollar laboratory building, May 1961, on the grounds of the National Institutes 
of Health in Bethesda, Maryland. This represents the culmination of 13 years of steady 
growth and expansion of biologic research in dentistry, which had its beginning 
in 1948 when the Institute was established by Congress. In these few years the Insti- 
tute has grown from a staff of less than a dozen members to its present complement 
of over 200 scientists and technicians with an annual appropriation of over $15 million. 
Also during this period the Institute’s vital extramural program, under which grants 
are awarded to non-Federal institutions for research and training on oral diseases, 
has expanded from an annual $200,000 allotment supporting five grants, to an allot- 
ment of over $10 million supporting over 400 research grants and thirty training 
grants at some 100 institutions in all areas of the United States and several foreign 
countries. With this growth has come maturity and diversity in research into the 
causes and prevention of oral diseases—diversity into untried areas which only a few 
years ago were horizons for future experimentation. 

Scientific breakthroughs, such as fluoridation, in the control of dental caries 
do not obscure the fact that the cause of this disease is still unknown. For this 
reason, the promising new lead from findings in ahimals that caries is a transmissible 
disease of bacterial origin, is being vigorously pursued. These findings carry wide- 
spread significance in the field of oral health because they explain such phenomena as 
resistance and susceptibility to caries, formerly attributed entirely to genetic factors 
and to systemic developmental defects induced by diet and nutrition. Their appli- 
cation to clinical studies carries implications of a possible immunologic or chemo- 
therapeutic prevention of dental decay. 

Biochemical studies of the cariostatic effects of mineral phosphates in the diet 
of animals have directed attention to the chemical reactivity of tooth surfaces. Other 
considerations include the nutrition of the oral flora and their metabolic products 
which may undergo significant change in the presence of freely available phosphate 
ions. 

Progress in biologic research underscores the need for increased studies on 
periodontal disease, looming larger as a major cause of tooth loss in the United 
States. In consideration of our expanding population, of senior citizens, new research 
Studies of ageing oral tissues will be encouraged and supported. 

The Institute, through its grants and aid program, continues to increase the 
support of dental research projects particularly in the broad fields of periodontal 
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disease, oral congenital anomalies, and dental caries. Training centres for graduate 
studies now exist in nearly thirty institutions in the United States and are increasing 
rapidly. From these centres will come a new generation of dental scientists and 


teachers trained for biologic research and oriented to the prevention of oral disease 


Zusammenfassung—Das National Institute of Dental Research tibergab im ver- 


gangenen Mai das moderne, 4 Millionen Dollar Laboratoriumsgebdude, das auf 


dem Anwesen des National Institute of Health in Bethesda, Maryland, steht. Das 
stellt einen Héhepunkt des ber 13 Jahre sich erstreckenden, staéndigen Wachstums 
und der Erweiterung biologischer Forschung in der Zahnheilkunde dar, das 1948 
begann, als das Institut vom Kongref errichtet wurde. In diesen wenigen Jahren 
wuchs das Institut aus einem Stab von weniger als | Dutzend Mitgliedern auf seine 
jetzige GréBe von ber 200 Wissenschaftlern und Technikern mit einem jahrilichen 
Etat von liber 15 Millionen Dollar. In diesen Jahren dehnte sich auch das wichtige 
AuBenprogramm des Institutes, unter dem Gelder fiir bundesfremde Einrichtungen 
zur Forschung und Lehre zur Verfiigung gestellt werden, von jahrlich 200,000 Dollar 
flr 5 Stellen zu einem Fond von tiber 10 Millionen Dollar aus, der ber 400 For- 
schungsstellen und 300 Lehrstellen an einigen 100 Instituten in allen Gebieten der 
USA und in einigen anderen Landern unterstiitzt 

Wissenschaftliche Durchbriiche, wie die Fluoridicrung bei der Kariesprophy- 
laxe kénnen die Tatsache nicht verdecken, da die Ursache der Erkrankung immer 
noch nicht bekannt ist. Deshalb werden die vielversprechenden Befunde an Tieren 
nach denen Karies eine Ubertragbare Krankheit bakteriellen Ursprungs ist, energisch 
weiter verfolgt. Diese Befunde haben cine weitgehende Bedeutung fiir die Gesund- 
heit der Mundhdhle, weil sie Erscheinungen wie Kariesresistenz und -anfalligkeit 
erklaren, die friiher vOllig auf genetische Faktoren und Defekte in der Systement- 
wicklung, hervorgerufen durch Ernahrungszustand und Ernahrungsart, zuriickge- 
fihrt wurden. Ihre Verwendung fiir klinische Untersuchungen bedeutet vielleicht die 
Mdglichkeit einer immunologischen oder chemotherapeutischen Verhiitung von 
K aries 

Die biochemischen Untersuchungen des kariostatischen Effektes von Mineral- 
phosphaten im Futter von Tieren haben die Aufmerksamkeit auf das chemische 
Verhalten der Zahnoberfiichen gelenkt. Andere Uberlegungen schlicBen die Sub- 
Strate der Bakterien der Mundflora und ihre Stoffwechselprodukte ein, die sich 
in signifikanter Weise in Gegenwart freier Phosphationen verindern kénnen 

Der Fortschritt der biologischen Forschung unterstreicht die Notwendigkeit 
vermehrter Untersuchungen auf dem Gebiet der periodontalen Erkrankungen, die fiir 
den gréiiten Teil der Zahnextraktionen verantwortlich sind. In Anbetracht der immer 
dlter werdenden BevOélkerung werden neve Forschungen iber alternde Mundgewebe 
ermutigt und unterstiitzt 

Durch seine Geldbewilligungen und Hilfsprogramme fahrt das Institut fort 
zahnarztlichen Forschungsprojekten wachsende Unterstiitzung angedeihen zu 
lassen, besonders auf den weiten Gebieten der periodontalen Erkrankungen, der 
angeborenen Mundhdhlenanomalien und der Zahnkaries 

Lehrzentren zur Ausbildung gibt es nun in beinahe 30 Instituten in den USA 
und neue werden in zunehmender Zahl cingerichtet. Aus diesen Zentren wird cine 
neue Generation zahniarztlicher Wissenschaftler und Lehrer kommen, die fiir bio- 
logische Forschungen ausgebildet sind und die fiir die Verhiitung von Krankheiten 


in der Mundhdhle arbeiten werden 
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ALTERATIONS RENALES ET HEPATIQUES CHEZ DES 
RATS ALBINOS TRAITES PAR MICRODOSES DE NaF 
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Clinica Odontoiatrica, Universita, Roma, Italia 


Résumé—Les auteurs afin d'étudier histologiquement les effets des sels de fluor 
sur le foie et les reins ont administré par voie buccale a 80 rats du NaF a la dose 


o 


de 0,02 mg * par kg de poids 

Les animaux furent décapités le 180éme jour d’expérimentation. 

L’examen histologique des reins révéla chez 45 pour cent des animaux soumis 
traitement des altérations de l’épithélium tubulaire dont les cellules présentaient 
des signes de lésions allant jusqu’a la nécrose et, en certains cas, l’occlusion de la 
lumiére tubulaire 

Pour ce qui regarde le foie, les auteurs observérent chez 35 pour cent des rats 
soumis au traitement de légéres altérations cellulaires tandis que le dessin hépatique 
était en général bien conservé. 

Au total les altérations rénales et hépatiques n'ont pas été importantes; toutefois, 
méme en admettant la correspondance imparfaite de ce qui est observable chez les 
animaux d’experimentation avec ce qui se passe chez ‘homme, les auteurs trouvent 
qu'un contréle expérimental d'un reméde comme le fluor, fourni a des populations 
entiéres a travers la fluoration des eaux potables, doit procurer des données non 
équivoques, dans le sens que nulle différence doit se remarquer entre les groupes de 
contréle et ceux d’expérimentation. Les auteurs, par conséquent, terminent en 
affirmant la nécessité de contréles biologiques ultérieurs qui prouveraient la réelle 


innocuité du fluor aussi dans les doses prophylactiques pour la carie dentaire 


Abstract—The authors, in order to study histologically the effect on the liver and 
kidneys of salt-iluor, have administred NaF orally to eighty rats, at the dosage of 
0.02 mg °, per kg of weight. The animals were decapitated on the 180th day of the 
experiment. 

The histological test of the kidneys revealed, in 45 per cent of the treated animals, 
some alterations at the expense of the tubular epithelium whose cells showed signs 
of having been affected by the salt-fluor to the point of necrosis, with occlusion in 
some cases of tubular lumen 

As regards the liver, the authors observed in 35 per cent of the rats submitted 
to treatment, slight cellular alterations, whereas the shape of the liver appeared 
generally well preserved 

On the whole the renal alterations were not important; nevertheless, though 
admitting the not perfect correspondence of what is to be seen in experimental 
animals with what presumably happens in man, the authors think that the experi- 
mental control of a drug like fluor, supplied to a whole population through the 
fluoration of drinking waters, must furnish unmistakable data in so far as no differ- 
ence has been noticed between the control and experimental groups. The authors, 
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therefore, conclude by stating the need of further biological controls demonstrat- 


ing also the actual harmlessness of fluor in prophylactic doses for decayed teeth 


Zusamenfassung—Die Verfasser haben, um die Wirkungen des Fluorsalzes auf 
die Leber und die Niere zu studieren, 80 Ratten durch den Mund NaF in Dosen 
von 0,02 mg.”,, per Kg Gewicht gegeben. Die Tiere wurden am 180. Tag des Experi- 
ments geképft 

Die histologische Untersuchung offenbarte in 45 Prozent der behandelten Tiere 
einige Verinderungen des réhrenférmigen Ephiteliums, dessen Zellen Zeichen 
von Leiden bis Nekrose zeigten, mit Verschliessung, in einigen Fallen, des réhren- 
f6rmigen Lumens 

Was die Leber anbetrifft bemerkten die Verfasser in 35 Prozent der Ratten, 
die der Behandlung unterworfen waren, leichte Zellenveriinderungen, wihrend das 
Leberbild gewéhnlich gut erhalten blieb 

Im allgemeinen sind die Nieren -und Leberveranderungen nicht bedeutend; 
dennoch, obwoh! durch die Beobachtungen kein vollkommener Zusammenhang 
zwischen den zum Experiment gebrauchten Tieren und Menschen zu bemerken ist, 
meinen die Verfasser, dass die Experimentalkontrolle, von einem Medikament wie 
Fluor unzweideutige Daten ergeben muss, in dem Sinne, dass es keinen Unterschied 
zwischen Kontroll-Gruppen und Experiment-Gruppen geben darf 

Und so schliessen die Verfasser damit ab die Notwendigkeit von weiteren bio- 
logische Kontrollen bestatigend, um die wirkliche Unschadlichkeit des Fluors, auch 


im Gebrauch der prophylaktischen Dosen fiir Zahnfaule, festzustellen 


LA FLUORATION artificielle de l'eau potable, largement réalisée aux Etats Unis 
d’Amérique afin d’entreprendre une prophylaxie adéquate de la carie dentaire, 
a subi un arrét pendant ces derniéres années. 

En effet, cette méthode d’administrer le fluor, malgré un dosage exact dans 
l"eau, ne permet pas de calculer l’absorption réelle de chaque individu; le besoin 
individuel d’eau peut varier selon la température ambiante, |’Age et les divers états 
de santé. (BENAGIANO, 1958). En outre, tous les produits du sol mémes ceux des 
régions non endémiques, contiennent des quantités plus ou moins élevées de fluor 
dont la consommation fournit en moyenne | mg par jour de cet halogene (MINKH, 
1954). De plus le fluor ajouté artificiellement peut étre plus nuisible que celui qui 
se trouve dans la nature. 

A cause de ces considérations, dans le cours de peu d’années, 477 villes des 
Etats Unis ont refusé de réaliser la fluoration, ou l’ont interrompue aprés l’avoir 
entreprise (ROBINSON, 1955). Les données des auteurs qui soutiennent linnocuité 
d’un tel systeme de prophylaxie, ne pourraient @tre plus unilatérales. 

Tous les auteurs qui ont soutenu la fluoration de l’eau potable, sont convaincus 
que l’absorption d’eau contenant | p.p.m. de fluor est absolument 4 I|’abri de tout 


dommage. Il est étonnant que malgré les nombreuses régions des Etats Unis ot 


la fluoration artificielle de ‘eau potable a été réalisée il y a plus de dix ans, on n‘ait 


pas encore fait une étude approfondie des larges couches de la population, de tout 
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age, afin d’en contréler, moyennant des données cliniques et biologiques, |’état 
des différents organes plus sensibles a |l’intoxication par le fluor, et d’en relever 
non seulement les dommages qui pourraient se manifester éventuellement, mais 


aussi ceux plus larvés et latents. 


Fic. 1. Rein. Le protoplasme de |’épithélium tubulaire parait granuleux (AT1). 


Le Dr. DymMonpb, Ministre de la Santé de |’Ontario, nous fournit la meilleure 


synthése de ce qu’on peut dire aujourd’hui a propos de la fluoration: “Quand je 


prescris un reméde a mes patients, j’en prescris une quantité établie”. Puisqu’il 


Fic. 2. Rein. Légére ischémie du glomérule, granulosité dans le cytoplasme des 


cellules épithéliales (AT1). 


est impossible d’administrer une quantité précise de F en |’introduisant dans l'eau 
potable, il est plus juste de penser que la prophylaxie anti-carie future devra se 
développer sur la base de |’administration individuelle et contrélée du fluor. 


L’Ecole de Rome a depuis longtemps entrevu les dangers d’un systeme de 
prophylaxie anti-carie semblable. BENAGIANO et ses collégues ont fait une série 
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de recherches cliniques et expérimentales dans le but de constater si la fluoration 
de l’eau potable peut étre par elle-méme “une cause de maladie”. Pendant ces 
expériences on a pu démontrer l’apparition d’altérations histologiques de la thy- 
roide des animaux intoxiqués par le NaF (BENAGIANO et FIORENTINI, 1955) et des 


Fic. 3. Rein. Les glomérules sont ischémiques (AGI) tandis que dans l'épithélium 
, 
2) 


tubulaire on observe des zones de légére dégénération vacuolaire (AT 
troubles fonctionnels de la thyroide, ainsi que de laltération de la formule sanguine 
chez les sujets qui vivaient dans les régions ot le fluor était présent 4 dose optimale 


(BENAGIANO, DE SIMONE et COLASANTI, 1959). 


* Ss 
> 


-¢ 
* 


- v- 
Altérations tubulaires de I[léme degré; nécrose des cellules épithé- 
liales (AT3) 


Le but de ce travail est d’établir si, chez les animaux soumis a un traitement 
de F a bas dosage, et tels qu’ils sont normalement employés pour la fluoration 
artificielle de l’eau potable, apparaissent effectivement des altérations histologiques 
du foie et des reins. 

L‘action sur le foie et les teins des différentes doses de fluor administrées pendant 


de longues périodes, n'a pas été étudiée suffisamment. 
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HopcGe (1956) aprés avoir administré des doses de F radioactif a des rats a étudié 
la concentration sélective du fluor dans les divers organes; 90 min aprés |’apport 
de F radioactif, la quantité plus élevée de F fut trouvée dans les reins (34075 
counts par minute) et dans le foie (9 500 counts par minute). 


Fic. 5. Rein. Altération a charge des anses glomérulaires (AG2) et nécrose des 


cellules épithéliales qui ferment la lumiére des tubes urinaires (AT3). 


L’élimination du fluor par les urines peut atteindre des valeurs trés élevées. 
AGATE (1949) et ses collaborateurs trouvérent que chez des sujets exposés, |élimi- 
nation de F par les reins variait de mg 0,5 jusqu’A mg 23, 3 pendant les 24 heures. 


Fic. 6. Rein. Altérations nécrotiques de l’épithélium tubulaire (AT3). 


BOND et Murray (1952) provoquérent des cas de fluoroses chroniques chez 


les rats soumis a des doses massives de fluor; les doses oscillaient de 4 4 15 mg 


pro die. L’examen histologique des reins révéla des lésions diffuses 4 caractére 


dégénérescent des glomérules et plus spécialement de l’épithélium tubulaire. 
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RAMSEYER (1957) et ses collaborateurs étudiérent les effets des bas dosages de F, 
administrés dans l’eau de boisson, a un total de 456 rats albinos, de la naissance 


jusqu’au vieil Age. Les animaux furent partagés en quatre groupes; aux trois pre- 


miers on administra du fluor a4 raison de 1,5 p.p.m.; le quatriéme fut gardé pour 


Fic. 7. Rein. Glomérules ischémiques (AG1) graves altérations tubulaires (AT3) 


le contréle. Les auteurs remarquérent l*hypertrophie et l"hyperplasie des tubes 
urinaires chez les rats qui buvaient l’eau fluorée, tandis que l’examen histologique 
des rats de contréle ne révéla aucune altération; la gravité des données patholo- 
giques augmentait proportionnellement au pourcentage du NaF dans l’eau. 


Fic. 8. Foie. Les cellules hépatiques présentent une augmentation de la granulosité 
du protoplasme cellulaire (AC1) 


PinpBorG (1957) administra 4 226 rats blancs une diéte contenant 0,058 de 
NaF pendant une période de 3 a 36 jours. Les modifications rénales parurent 
réguli¢rement aprés 21-28 jours du traitement. La fréquence des lésions fut plus 
élevée chez les rats de | mois que chez ceux de 3 mois. Les modifications rénales 
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consistaient avant tout en la dilatation des anses de Henle dans la partie juxtacor- 
ticale de la substance médullaire, immédiatement suivie par l’applaitissement de 
l’épithelium dans les tubes urinaires contournés de la matiére corticale et dilata- 
tion des tubes urinaires. L’étude des publications 4 ce sujet nous porterait donc 
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Fic. 9. Foie. L’aspect typique du dessin hépatique est conservé tout en paraissant 
notablement désorganisé (AD2) signes graves de souffrance cellulaire (AC2). 


a croire que le F provoque de sensibles et évidentes altérations rénales; toutefois 
i) nous faut reconnaitre que, 4 part les expérimentations de RAMSEYER, les doses 
de fluor administrées expé1imentalement étaient le plus souvent trés élevées; a notre 
avis il est moins intéressant d’établir la toxicité générale du fluor que de savoir si 


Fic. 10. Foie. Le dessin hépatique est altéré (AD1) avec troubles aussi a charge 
des cellules parenchymales. 


le F administré en quantité suffisante pour assurer une prophylaxie anti-carie 
adéquate est plus ou moins toxique. 

Une étude expérimentale établie selon les microdoses suivantes, nous a semblé 
particuli¢rement opportune. 
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MATERIEL ET METHODE 
Le traitement a été administré 4 80 rats du poids initial de 50-70 g; les animaux 
furent partagés en quatre groupes marqués des lettres A,B,C,D. 
Le groupe A comprenait 40 rats et le groupe D, 20 animaux. On garda le 


groupe D pour le controle; les autres trois groupes furent traités avec trois dosages 


*/ ha A‘ were | & 
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Fic. Il. Foie. Les cellules hépatiques sont gravement altérées (AC2) 


différents de NaF. Les doses de NaF administrées journaliérement par voie buccale 
au moyen de micropipettes furent les suivantes: 
Au groupe A: 0,02 mg/kg—dose prophylactique 
groupe B: 0,2 mg/kg—dose insuffisante pour déterminer le quatri¢me degré 
de la fluorose endémique 


groupe C: 2 mg/kg —dose toxique. 


Fic. 12. Foie. Graves altérations de la cellule hépatique (AC2) 


Les animaux furent sacrifiés aprés 180 jours d’expérimentation. 
Puis on préleva le foie et les reins pour les fixer, enfermés dans paraffine, coupés 


par tranches et colorés avec hématoxiline et éosine. 
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Nous avons voulu soumettre au traitement quelques groupes d’animaux au 
moyen de doses comparables a celles de la fluorose endémique (groupe B) et a celles 
encore plus toxiques (groupe C), malgré que dans les publications a ce sujet, se 
trouve la description des cas toxiques dus aux doses élevées de fluor, surtout pour 
ce qui concerne les reins. Pour notre part nous avons pensé que dans |’éventualité 


es yes 
Fic. 13. Foie. Désorganisation du dessin hépatique (AD2) avec signes de souffrance cel- 
lulaire (AC2). 


de relever des altérations rénales et hépatiques au moyen de doses prophylactiques 
il aurait été plus aisé de donner un avis sur ces altérations, toutes légéres qu’elles 
soient si nous pouvions les comparer non seulement avec celles des animaux de 
contréle, mais avec celles aussi des animaux bien plus intoxiqués et entretenus dans 
le méme état expérimental. 


Fic. 14. Foie. Cellules hépatiques en grave état de souffrance (AC3) 


Pouvant disposer d’un certain nombre d’animaux nous avons évalué les alté- 
rations rénales et hépatiques d’aprés un criterium quantitatif et qualitatif; il est 
en effet évident qu'une donnée pathologique qui se présente parfois aussi chez les 
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animaux de contréle, acquiert une signification positive si on l’observe non seule- 
ment avec plus d‘intensite, mais également avec plus de fréquence chez les animaux 
soumis au traitement. La statistique nous permet ainsi d’obvier aux erreurs d’éva- 
luation dérivées de la pathologie spontanée des rats. Il va sans dire que cette évalu- 


ation est valable seulement dans les cas ot les animaux de contréle présentent des 


signes de pathologie spontanée de peu d‘importance ou de toute facgon étrangers 


au fluor et, a part cela, dont les caractéristiques morphologiques ne présentent 
aucune difficulté diagnostique particuliere. C'est en suivant cette idée que nous 
avons écarté complétement ces groupes d’animaux qui présentaient des signes 
pathologiques plus évidents; ce qui fait que, tandis que dans ce travail nous rappor- 
tons les données fournies par 80 rats, l'ensemble de nos expérimentations nous a 


amenés a étudier 250 animaux environ. 


Evaluations des altérations hépatiques 

Dans cet organe nous avons distingué: Les altérations cellulaires (AC) et les 
altérations du dessin (AD). 

Les altérations cellulaires (AC) ont été classifiées selon leur degré d’intensité en 
Modestes (AC1) 

Graves (AC2) 
Nécrotiques (AC3) 
Les altérations cellulaires peuvent intéresser la substance nucléaire, par la pyc- 
nose ou par la faible réaction au couleurs des tissus et le protoplasme par un a- 
croissement de granulosité et déperdition des limites cellulaires. 
Nous avons distingueé les altérations du dessin (AD) caractéristiques de la glande 
en 
Modestes (ADI) lorsqu’on estimait une altération a peine initiale du dessin 
Graves (AD2) lorsque la désorganisation du dessin était d'une importance 
accentuée, mais l’aspect typique du dessin hépatique était encore 
recon! aissable 

Profondes (AD3) dans les cas ot le dessin de la glande était absolument mécon- 
naissable 

La derni¢re donnée pathologique que nous avons considérée est | infiltration 
cellulaire 

La reconnaissance de cette donnée a été pour nous un élément précieux en tant 
que la ou nous l’avons observée, elle nous a servi 4 exclure linfluence du fluor, 
pour le moins comme cause principale de l’altération hépatique rencontrée; le F en 


effet étant un toxique cellulaire, n*occasionne pas d’infiltrations dans le tissu d’appui. 


Evaluation des altérations rénales 
Nous avons distingué les altérations rénales en altérations tubulaires (AT) et 


altérations glomérulaires (AG) 
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Les altérations tubulaires (AT) ont été classées, toujours pour faciliter notre 
étude, bien entendu, en trois degrés: 
[ degré (ATI) granulosité du protoplasme cellulaire 
Il degré (AT2) dégénération vacuolaire 
Ill degré (AT3) nécrose de la cellule avec éventuelle oblitération de la lumiére 
du tube. 
Nous avons distingué les altérations glomérulaires (AG) en: 
degré (AGI) ischémie du glomérule 
degré (AG2) altérations des anses qui peuvent se présenter oblitérées ou con- 
tournées 
degré (AG3) quand au ler et Ileme degré s’associent les altérations de la capsule 
de BOWNMAN qui présente une membrane pluristratifiée. 


Quant 4a l’infiltration cellulaire, voyez ce qui a été dit pour le foie. 


Données histologiques 

Les altérations histologiques plus significatives des reins et du foie des rats 
soumis au traitement de microdoses de NaF ont été rapportées dans les micro- 
photographies. Dans le tableau qui suit nous donnons un apergu aussi complet 


que possible de la fréquence de chaque altération rencontrée. 


CONSIDERATIONS ET CONCLUSIONS 


Dans le tableau 1 nous avons synthétisé la fréquence des altérations histo- 
pathologiques relevées dans le foie et reins des animaux de contréle, et de ceux 
auxquels a été administré le NaF en dose prophylactique; de cette fagon le tableau 
nous donne une description synthétique des altérations rencontrées, soit chez les 


animaux d’expérimentation, soit chez les animaux de contrdéle. 


TABLEAU |. POURCENTAGE DES RATS (GROUPES A ET D) pRrésENTE DES ALTERATIONS 
RENALES ET HEPATIQUES SELON DIFFERENTS DEGRES D'INTENSIT! 


ATO ATI AT2 AT3 AGO AGI AG2 AG3 
\ 5 5 i 5 20% 
D (Contréles) 5° 5‘ 5 15 
AD2 AD3 


\ 5° 15' > % 10' 
D (Contrdles) Ye 10 » 10°, 


Quant au rein, tandis qu’il n’y a pas de différence particuliére entre les altérations 


glomérulaires rencontrées chez les deux groupes d’animaux, pour ce qui regarde 


les altérations tubulaires nous avons pu relever une différence sensible entre les 
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deux groupes: en effet les altérations tubulaires du IIleme degré ont paru seulement 
chez les animaux ayant subi un traitement de F avec une fréquence du 12,5°,: 
toujours chez les animaux soumis au traitement, les altérations tubulaires du Iléme 
degré ont paru avec une fréquence de 15°, et celles du ler degrée, de 17,5°, ; chez 
les rats de contrdle les seules altérations tubulaires du ler degré ont paru avec une 


Irequence de 15 
A légard du foie le procédé a été analogue; les altérations de la cellule hépatique 


ont été beaucoup plus sensibles chez les rats soumis au traitement; en effet les alté- 
rations cellulaires nécrotiques (AC3) ont donné une fréquence de 10°,, les alté- 
rations cellulaires graves ( AC2)de 1IS% et celles modestes (AC1) de 10%: par contre 
chez les animaux de contréle, pas d’altérations du ler et IIléme degré tandis que 
celles de Ileme degré n'ont paru que chez 10°, des animaux. 

Une différence appreciable des altérations du dessin de la glande entre les 
animaux soumis au traitement ct ceux de contréle, n’a pas été remarquée. II nous 
faut encore préciser que tous les rats qui a l’examen histologique démontraient 
des dérangements hépatiques, présentaient des altérations rénales; tandis que chez 
quelques rats présentant des altérations rénales, le foie ne s‘était pas ressenti du 
traitement. Ceci pourrait signifier que le fluor agit plus activement sur le rein, peut- 
étre parce que cet organe, en sa qualité d’émonctoire, est en contact avec la quasi 
totalité du fluor introduit dans l’organisme n’importe comment. 

Nous avons en outre pu constater que chez les groupes soumis aux doses plus 
élevées de fluorure de Na, les altérations rénales et hépatiques avaient un degré 
plus élevé, mais pas proportionné a la dose administrée. 

Nous avons considéré significatives a l’égard de l intoxication par le fluor, les 
altérations des tubes urinaires et celles de la cellule hépatique, altérations qui soit 


pour l’un, soit pour l’autre organe sont pathognomoniques d‘un facteur toxique, 


qui dans notre cas doit étre individualisé dans le F qui est un poison protoplasmique. 


En somme les altérations rencontrées, soit rénales soit hépatiques n’ont pas été 


de grande importance: toutefois, méme en admettant la concordance impar- 
faite de ce qui est observable chez les animaux d’expérimentation avec ce qui cen- 
sément se passe chez |l‘homme, nous pensons que le contréle expérimental d°’un 
reméde fourni a toute une population, doit procurer des données non équivoques, 
dans le sens que nulle différence doit se remarquer entre les groupes de contréle 
e: ceux d’expérimentation. 

\ la suite de nos recherches nous pouvons affirmer que les données fournies 
par les animaux d‘expérimentation ne sont pas égales en fréquence et en intensité 
avec celles des animaux de contréle, du moment qu’on a rencontré chez les premiers 
des altérations de peu d‘importance, mais de nature pathologique certaine, qui 
chez les animaux de contréle ne paraissent absolument pas 

Il faut a présent nous demander quelle doit étre l‘opinion sur la fluoration de 


l‘eau potable d’apres nos données. 
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Les observations cliniques établies par BENAGIANO ef al. (1959) dans certaines 
zones ayant des doses optima de F, concernant la fonction thyroidienne et la crase 


sanguine, comparées avec nos observations expérimentales, donnent les unes et les 


autres du crédit a la these de notre école, qui condamne la fluoration de l'eau po- 
table comme une application prophylactique qui tout en servant a la santé dentaire 
de couches limitées de la population, peut provoquer des dommages irréver- 


sibles 4 certains organes d’importance vitale, notamment chez des individus adultes, 


atteints des maladies les plus variées, ou qui, par leur état de santé, sont plus 


facilement exposés a l’action des microdoses de F. 
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